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— since the study of human anatomy has attracted any atten- 

tion, variations in the arrangement of the different structures 
of the body have been noticed. For many centuries, the signification 
of these variations was not understood ; and evenas lately as 1840, Dr. 
Knox, of Edinburgh, who had the courage to state his conviction that 
they connected man with the lower animals, was looked upon, even by 
members of his own profession, as one prompted by the evil-one. In 
early times, when great prejudice existed against the dissection of 
human bodies, and animals, such as monkeys, dogs, cats, etc., were 
frequently used as substitutes, the similarity of some of their muscles 
to those which occasionally occurred in man as anomalies, forced the 
anatomists to remark on them as being curious coincidences, though 
in their published works they drew no conclusions from their occur- 
rence bearing on the origin of man. 

In the view of our present knowledge of the animal kingdom and 
its development, and with the acceptance of the great principle of 
evolution, the explanation of these variations is simple enough, viz., 
that they point to the fact that man has descended from some lower 
form, and “is the co-descendant with other mammals of a common 
progenitor” (Darwin). 

Again, many structures which in man are merely rudiments and 
quite useless, nay, sometimes a source of danger, are seen fully per- 
fected in some of the lower animals, and in them fulfill a definite pur- 


' pose, The existence of such rudimentary organs (or, as Haeckel calls 


them, “worthless primeval heirlooms”) as the ear-muscles, the ap- 
pendix vermiformis in the intestines, the thyroid gland, the remnant 
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of the third eyelid, the rudimentary tail-bones, and many others, is 
not satisfactorily accounted for on the theory of the plan of general 
unity ; but if we look upon them as parts which have become fun. 
tionless and atrophied from want of use, and by heredity have been 
transmitted from generation to generation, a bright light is thrown on 
the reason of their existence. In the present paper I do not intend 
to dwell on the significance of rudimentary organs which exist normal. 
ly in man, but shall confine myself to those structures which occur as 
variations. 

I might here mention that some parts, as for instance certain mug. 
cles of the thumb, occur in man, but not in the lower animals ; these 
we may take as indications of the advance of man to a still higher 
development. 

To the study of embryology we owe much in elucidating many 
morphological problems, and removing others from the domain of — 
theory. By our knowledge of this most intricate subject the signifi- 
cance of many variations and rudimentary organs is made plain. 

It has been well said that “the development of the individual js 
the compressed development of the race in the process of compression ; 
some features are suppressed or modified, and others are thrown into 
relief.” In the development of the embryo we see the history of the 
race, but the higher the form the more quickly does the embryo pass 
through those stages and transformations which are the equivalent 
of what is persistent in types below. In lower forms these stages are 
much less rapid, and in fact are true metamorphoses. The changes 
occurring in the development of the common frog will furnish a fa- 
miliar example of this latter statement. The more we know of en- 
bryology, the more the truth of the saying that “development means 
descent ” is apparent. 

It may not be generally known that no two individuals have ex- 
actly the same anatomical structure, and that nearly every one has 
in him some bony prominence, supernumerary muscle, or abnormal 
blood-vessel, which tells the tale of his descent. During the past nine 
years I have been teaching anatomy, and nearly three hundred sub- 
jects have been dissected under my immediate supervision ; in these 
I have carefully noted the variations occurring, with the result of find- 
ing that scarcely one body is perfectly normal in every part—nay, 
many are very abnormal, having as many as thirty to forty variations 
in their bones, muscles, or arteries. I have found variations to occur 
more frequently in negro and Indian subjects than in those of Euro- 
pean descent. When a variation in a bone, muscle, or blood-vessel is 
found, the first question asked is, What is its morphology? and it is 
the exception not to be able to make it out ; if one fails, it is concluded 
that our knowledge is deficient, and that the variation has a, history, 
if we could only discover it. 

Many variations are explained when an appeal is made to compara- 
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tive anatomy, a science which is as yet very incomplete, but which is 
rapidly enlarging its boundaries. Some animals we know by their 
fossil remains, and in these merely their bony structure can be stud- 
ied ; all the soft parts are, of course, lost forever, and can only be ap- 
t “2 proximately restored by our knowledge of allied existing types of the 
same animals. With these few preliminary remarks I shall proceed 
to describe, as simply as possible, some anomalies I have myself met 
with, and the significance of which I shall endeavor to make clear. 

Ossrous SystemM.—In a skull in my possession, whose lowness of 
type is manifested by the narrow forehead, prominent supraorbital 
ridges, wide arches of bone to inclose the large masticatory muscles, 
the acute facial angle, prognathous jaws, and well-marked bony promi- 
nences, are two remarkable variations : 

1, An Epihyal Bone.—In all human beings there is near the ear- 
opening a bony spine, generally about half an inch long, and which is 
called, from its resemblance to an ancient pen, the styloid process ; 
the lower end of this is connected with the hyoid or tongue bone of 
the neck by a fibrous cord. Now, in this skull, the styloid process is 
not connected with the little tongue-bone by a fibrous cord, but the 
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styloid process is itself prolonged down to the tongue-bone and artic. 
ulated with it in the fresh state. It is quite a large bone, three 
and a half inches long (see Fig. 1, A). This arrangement is seen in 
many of the lower animals, and in them the bone, which is a very 
important one, is called the epihyal bone. 

2. At the base of the skull on the left side, behind the mastoig 
process, the prominent nipple-shaped process behind the ear, is a stout, 
bony spur, more than three quarters of an inch long, which hag a 
downward direction, and articulates with the first bone of the ver. 
tebral column (see Fig. 1, B). This process is rarely seen in the 
human being, and is the only one I have met with, but it is quite the 
normal condition in most graminivorous and carnivorous animals, 
being especially well marked in the horse, pig, sheep, and goat, In 
them it is an important part, and gives attachment to strong muscles 
which move the head on the trunk. It is called the para-mastoid 
process, from its proximity to the mastoid. 

SupERNUMERARY Riss.—I suppose every one is aware that the 
vertebral column, or backbone, is composed of many separate bones, 
some of which carry ribs. The backbone is made up of thirty-three 
bones, seven in the neck, twelve in the trunk, five in the loins; below 
this we have a bone called the sacrum, which consists of five vertebre 
fused together ; and lower down still four small bones which represent 
the tail-bones, called, when taken together, the coccyx, from their 
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Fre. 2.—C C, cervical ribs ; T, transvers process of seventh cervical vertebra. 


supposed resemblance to a cuckoo’s beak. Now, each trunk, or dorsal 
vertebra, has two ribs connected with it, one on each side ; so there 
are altogether twenty-four ribs, twelve on each side ; but sometimes 
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there are more, and, when this occurs, the extra ribs are carried by 
the neck (cervical) or loin (lumbar) vertebra. I have specimens in 
my collection of both varieties, cervical and lumbar (see Fig. 2, (). 
These supernumerary ribs do not occur very frequently ; still, every 
anatomist has observed them. Their occurrence becomes more intel- 
ligible when we know that in crocodiles, birds, and the three-toed 
sloth, neck or cervical ribs exist normally ; that in crocodiles, alligators, 
and some other animals, loin or lumbar ribs are never absent ; and that 
jn man traces of them exist in the muscles of the abdomen. In the 
human embryo, in an early stage, a rib is always seen connected with 
the seventh neck-vertebra, but before the fifth year of life it becomes 
blended with the ordinary transverse process (Fig. 2, 7’) ; occasionally, 
however, this rudiment goes on developing, till it becomes a more or 
less perfect cervical rib (see Fig. 2, C). 

Supra-conDYLoID Process.—It is not uncommon to find, in the 
humerus or arm-bone of man, a hook-like process on the inner side of 
the lower end, having a downward direction; tbis, with a band of liga- 
ment which connects its tip with the humerus lower down, forms a 
foramen or opening through which pass the great artery and nerve of 
the arm (see Fig. 3,.4, B). This foramen is found in about three per 





Fig. 3.—A, the supracondyloid process of the human Fie. 4—Bones or Fors-trms or Cart. 8, 
humerus; B, the ligament which completes the fora- the supracondyiold foramen, with ves- 
men. (After Struthers.) sel and nerve passing through. (After 

Struthers.) 

cent of recent skeletons, but much more commonly in the skeletons of 

ancient races. In very many bodies a trace of this foramen is seen, 


represented by a very small bony prominence, or only by a band of 
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fibrous tissue. In many of the lower animals it is the normal condi. 
tion. It is seen in nearly all the carnivora, except the plantigrades 
(though it has been found in the cave-bear) ; it is also seen in monk. 
eys, lemurs, and sloths. In these it is generally completed by bone, 
though in some by bone and ligament asin man. In the animals aboye 
mentioned it serves the purpose of protecting the great nerve and yes. 
sel of the fore-limb from pressure during flexion, and it also affords a 
more direct course by which these structures can supply the parts be- 
low (see Fig. 4). In man when this arrangement occurs, owing to 
ithe altered position of the limb, the nerve and blood-vessel are acty- 
ally dragged out of their course to pass through this opening; 0 in 
him it serves no useful purpose. ‘This variation is, as was first pointed 
out by Professor Struthers, well known to affect certain families. The 
only reasonable explanation of the occurrence of this structure ap. 
pears to be that of reversion to the type of some mammalian ancestor 
in which this part was functional, or in other words served a definite 
‘purpose (Struthers). 

Turrp Trocuanter.—The third trochanter of the thigh-bone 
occurs about as frequently as the supra-condyloid process. On the 
upper part of the thigh-bone there are two prominences called the 
greater and less trochanter ; a third prominence (trochanter tertius) 
sometimes occurs ; it is situated a little below the great prominence, and 
gives attachment to the large muscle of the buttock (gluteus mazi- 
mus). According to First, in forty skeletons of Swedes examined by 
ihim in the Caroline Institute in Stockholm, fifteen possessed this pro- 
cess, and, in six skeletons of Laplanders, four had a third trochanter, I 
have seen it in only about one per cent of the skeletons I have exam- 
ined. In many of the lower animals this process is enormously devel- 
oped ; it is very prominent in the horse and rhinoceros, and in many 
others it exists in a slighter degree. 

One more example from the osseous system, and I shall pass to the 
softer structures. In the human wrist are eight small bones called car- 
pals, and arranged in two rows ; occasionally between the two rows we 
have a ninth bone called the os centrale. This os centrale is always 
present in the higher apes and some of the rodents. We also find 
that in every human fetus at an early period a rudiment of this bone 
exists, but it has entirely disappeared by the fourth month of fetal life. 

CircuLatory System.—Every naturalist now admits that the vari- 
ous stages of development of an animal, as well as its specialized parts, 
are often found to correspond with permanent conditions of animals 
lower in the scale. A good illustration of this is seen in the develop- 
ment of the human heart and blood-vessels. In the early stages of 
development we have a heart with a single cavity, connected witha 
vessel at each end as in ascidians ; later on the blood-vessels consist of 
a series of arches which go to the gills or branchial clefts as in fishes 
and amphibia, while the heart consists of two chambers separated by 
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yalves, and is placed far forward in the neck. The gill-arches now 

ly disappear, and, though the circulation still remains single as in 
reptiles, the heart-cavities are beginning to be separated into two dis- 
tinct systems. Soon a double circulation is acquired by a complete 
separation of the heart into right and left. The right heart propels 
the venous and the left the arterial blood. At this period the condi- 
tion is identical with that of birds ; at last the true mammalian type 
of heart and blood-vessels develops and remains permanent. The 
arrangement of the great blood-vessels going to and from the heart 
varies considerably in different mammals. In man the rule is for the 
great artery, carrying the blood from the heart to the general system, 
to give off three main branches, named the innominate, left carotid, 
and left subclavian (see Fig. 5). These are distributed to the head 
and the two arms ; the main vessel 
or aorta curves downward and dis- 
tributes blood to the trunk and 
lower extremities. These branches 
are now known to be derived from 
certain of the original gill-arches 
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Fig. 5.—Normat Aortic Arco m Maw. Fie. 6.—Gm. Arcues—the dark lines show the 
R.C, L.C., right and left carotid arteries ones which normally persist in man. 
ing to the head; R.8., L. 8., right and 
eft subclavian arteries going to the arms; 
I, innominate artery. 


which persist (see Fig. 6), and when any variation in their arrange- 
ment takes place it always occurs in the line of some of these gill- 
arches ; that is, some of the arches persist which usually are obliterated. 
Nearly all the variations occurring in these large vessels in man are 
found to be the regular condition in animals lower in the scale ; for 
instance, sometimes only two branches are given off instead of three ; 
each of these, again, dividing into two, one for the head and one for 
the arm of that side (see Fig. 7, B). This is the usual arrangement 
in the bat, porpoise, and dolphin. The commonest variation of the 
aortic arch is where the innominate gives off the left carotid, and so 
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supplies both sides of the head (see Fig. 7, A), the artery supplying 
the left arm coming off as usual. This is the normal condition in apes, 
bears, dogs, and all the feline tribe. In some rare cases in man one 
branch only comes off from the aortic arch, and this, again, divides 
into the various arteries supplying the head and arms. In horses and 
other solipeds, we see this form of aortic arch (see Fig. 7, D). Again, 
the branches may all be given off separately from the arch, as ig the 
arrangement in the walrus (see Fig. 7, C). 

I have three times met with rather a rare anomaly of the great 
veins going to the heart from the upper part of the body. The usual 
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Fre. 7.—R. C., L. C., carotid arteries going to the head; R.8., L. S., subclavian arteries going to 
the arms ; I, innominate artery. 


arrangement in man, on each side, is for the great vein of one arm and 
the corresponding side of the head to unite and form a single trunk 
(brachio-cephalic), so we have two large venous trunks, one on each 
side ; these two trunks then join to form a single large vessel, called the 
superior vena cava, which empties its blood into the right side of the 
heart (see Fig. 8, A). It occasionally happens that the great venous 
trunks formed by the veins of the arm and head of each side do not unite 
to form the superior vena cava, but each continues its downward course 
and opens separately into the heart (see Fig. 8, B). On studying the 
development of the blood-vessels, we find that in early fetal life this 
condition of affairs exists, but after a time a transverse branch forms 
between the two trunks. This branch gradually enlarges, while the 
left trunk shrivels up, and at birth is only represented by a fibrous 
cord. This anomaly of the veins we find, then, is a persistence of & 
usually transient fetal condition in man, and also that in all birds and 
many of the lower mammals it is the permanent condition. 
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Muscutar System.—The muscular system of man is liable to 
many variations, nearly all of which are interesting from a morpho- 


logical point of view. 





Fre. 8.—A, Nonmat ARRANGEMENT; B, ABNORMAL ARRANGEMENT. J. J., jugular veins from 
head; 8. S., subclavian veins from arms; V. C., vena cava ; H, heart. 

It is not uncommon to find in man useless rudiments of muscles 
which exist in a well-developed state in some of our more humble fel- 
low-creatures, and in them serve a definite purpose. 

In man the “skin-muscles” are very feebly developed compared 
with those seen in many of the lower animals. The only remnants of 
these in man are, the muscle which wrinkles the forehead (occipito- 
frontalis), the muscle immediately under the skin covering the side of 
the neck (platysma myoides), and the palmaris brevis, a little bundle 
of muscular fibers in the palm of the hand; not unfrequently rem- 
nants appear abnormally in other situations, as, over the breast (see 
Fig. 9), in the arm-pit, on the back, etc. The skin-muscles are well 
develeped in those of the mammalia which have loose skins, as, for 
example, the hedgehog, porcupine, and porpoise. In the hedgehog, 
when the skin-muscles contract, the animal becomes rolled up as in a 
bag of muscles. The sportive gambols of a school of porpoises are 
effected by an abundant supply of these skin-muscles ; in the horse 
the skin-muscle is called the panniculus carnosus, and every one who 
has seen a horse twitching its skin to get rid of troublesome flies will 
easily understand how serviceable it is to that animal. 

In all human beings there is a small muscle going from a hooked 
process (coracoid) on the upper end of the shoulder-blade to the inner 
side of the arm-bone about the junction of its upper and middle third. 
Sometimes this muscle is continued down to the lower end of the 
arm-bone ; or, again, it may be quite short, and attached to the bag 
of fibrous tissue covering the shoulder-joint. On referring to the 
anatomy of the lower animals, it is found that both these varieties 
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exist normally, but in a much more highly developed state ; they are 
especially well seen in animals which use their fore-limbs for diggi 
climbing, or swimming. In them the muscle is of large size, and 
reaches to the inner edge of the lower extremity of the arm-bone ; in 
man, when it reaches thus far, it is only rudimentary and of no uge, 





Fie. 9.—S, rectus sternalis or skin muscle, euperficial to the great pectoral muscle of chest. 


Another muscle which I have seen in about three per cent of 
human subjects is a small one which goes from the breastbone to 
the upper end of the shoulder-blade. This muscle is well developed 
in animals which have no collar-bones ; it reaches its highest develop- 
ment in the horse, pig, hippopotamus, and elephant. It is also seen 
in the Guinea-pig, Norway rat, and wombat. It is quite rudimentary 
when it exists in man, and serves no useful purpose. 

In man, near the elbow-joint, and lying close together, are two 
muscles going from the upper to the lower arm ; one in front (brachi- 
alis anticus), which helps to bend the elbow, and the other to the 
outer side (supinator longus), which supinates or twists the fore-arm 
outward. Asa rule, these muscles are quite distinct, though they lie 
side by side; but in about one per cent of cases they are joined to 
gether by muscular fibers. This is the normal arrangement in apes 
and monkeys, the union of these two muscles aiding them greatly 
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in twisting their bodies when hanging by their fore-limbs to the 
branches of trees. Again, in apes, the muscle forming the posterior 
fold of the arm-pit is always prolonged down to the prominence on 
the back of the elbow. In the long-armed apes this muscle is espe- 
cially well developed, and serves to swing the whole arm rapidly and 

werfully forward—a movement which is of the greatest importance 
for dexterously grasping remote branches while in the act of climbing. 
The same prolongation of this muscle is occasionally seen in man, 
though in a much less developed state, and serves to remind him of 
the arboreal habits of some of his not very remote ancestors. 

In the gorilla, orang, and chimpanzee a muscle, called the elevator 
of the collar-bone (levator clavicule), is always present ; this goes from 
the upper neck-bones to the collar-bone. It is found in about three 
per cent of human subjects. Other muscles, occasionally found in man 
in a rudimentary and fragmentary condition, are ones going from the 
back of the head to the collar-bone or shoulder-blade ; they are well 
developed in many of the carnivora and ruminants. I have seen them 
of large size in the lion, deer, etc. ; in those animals they are much 
used in pulling forward the shoulder. 

In about every other human subject is a small muscle going from a 
bony spur on the front of the haunch-bones to the muscles in the ante- 
rior wall of the abdomen. This is the rudiment of the great muscle 
in the kangaroo, opossum, and other marsupial animals, which supports 
the pouch where the immature young are carried, and the bony spur 
is the rudiment of a distinct bone, called the marsupial bone, which 
always exists in these animals, and gives attachment to the muscles 
which open and shut the pouch. 

In man the short muscle of the foot which bends the toes is at- 
tached to the heel-bone, but occasionally the portion going to the fourth 
and fifth toes is separated from the portion going to the second and 
third toes, and is attached not to the heel-bone but to the tendon of 
the long flexor of the toes. In the gorilla only one slip of this short 
flexor arises from the long flexor of the toes, but in apes we have as 
anormal condition the arrangement I have endeavored to describe as 
that occasionally seen in man. 

The brain of man is distinguished from that of the gorilla and the 
higher apes by having a greater relative size and being more com- 
plex. The different fissures are not so continuous, and are frequently 
bridged over by brain-matter. In the brains of criminals, the lower 
races of mankind, and idiots, according to Benedict, the fissures are 
very confluent in character, and in some the first frontal convolution 
is divided into two portions, as in apes. In animals lower in the scale 
than man, the little brain or cerebellum is more or less uncovered by 
the posterior lobes of the cerebrum or large brain. This uncovered 
condition of the cerebellum was well seen in an idiot’s brain that I lately 
had the privilege of examining ; the fissures were also of the conflu- 
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ent type ; the whole brain only weighed sixteen ounces. The internal 
organs in man, although not subject to great variations, still are some. 
times found abnormal. The liver may be divided into a number of 
lobes, as is seen in the gorilla. This is called a degraded liver, The 
spleen is often deeply notched and multiple, as in the case in some of 
the lower animals, and the uterus is occasionally double ; an 
ment which is the normal one in the mare, raccoon, rabbit, and other 
animals. It is double in the human fetus up to the fourth month, and 
frequently a trace of this bifid condition is seen in adult life, 

I could multiply, ad infinitum, the varietions in human anatomy 
which have their corresponding normal condition in the lower ani 
but I think I have described a sufficient number of examples to show 
how common these animal resemblances are in man. On what theory 
can we account for their existence, except that they are reversions to 
some pre-existing and lower type? This is the only logical conclusion 
to which the study of morphology leads us, and “to take any other 
view,” says Darwin, “is to admit that our own structure and that 
of all the animals around us is a mere snare laid to entrap our judg. 
ment.” 


44 
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MEASUREMENT OF CHARACTER. 
By FRANCIS GALTON. 


[ DO not plead guilty to taking a shallow view of human nature, 
when I propose to apply, as it were, a foot-rule to its heights and 
depths. The powers of man are finite, and if finite they are not too 
large for measurement. Those persons may justly be accused of 
shallowness of view who do not discriminate a wide range of differ- 
ences, but quickly lose all sense of proportion, and rave about infinite 
heights and unfathomable depths, and use such like expressions, which 
are not true and betray their incapacity. Examiners are not, I be 
lieve, much stricken with the sense of awe and infinitude when they 
apply their foot-rules to the intellectual performances of the candi- 
dates whom they examine ; neither do I see any reason why we should 
be awed at the thought of examining our fellow-creatures as best we 
may in respect to other faculties than intellect. On the contrary, I 
think it anomalous that the art of measuring intellectual faculties 
should have become highly developed, while that of dealing with 
other qualities should have been little practiced or even considered. 
The use of measuring man in his entirety is to be justified by 
exactly the same arguments as those by which any special examina 
tions are justified, sich as those in classics or mathematics ; namely, 
that every measurement tests, in some particulars, the adequacy of the 
previous education, and contributes to show the efficiency of the man 
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as a human machine at the time it was made. It is impossible to be 
gure of the adequacy in every respect of the rearing of a man, or of 
his total efficiency, unless he has been measured in character and 
physique, as well as in intellect. A wise man desires this knowledge 
for his own use, and for the same reason that he takes stock from 
time to time of his finances. It teaches him his position among his 
fellows, and whether he is getting on or falling back, and he shapes 
bis ambitions and conduct accordingly. “Know thyself” is an ancient 
phrase of proverbial philosophy, and I wish to discuss ways by which 
its excellent direction admits of being better followed. 

The art of measuring various human faculties now occupies the 
attention of many inquirers in this and other countries. Shelves full 
of memoirs have been written in Germany alone, on the discriminative 
powers of the various senses. New processes of inquiry are yearly 
invented, and it seems as though there was a general lightening up 
of the sky in front of the path of the anthropometric experimenter, 
which betokens the approaching dawn of a new and interesting sci- 
ence. Can we discover landmarks in character to serve as bases for 
a survey, or is it altogether too indefinite and fluctuating to admit of 
measurement? Is it liable to spontaneous changes, or to be in any 
way affected by a caprice that renders the future necessarily uncer- 
tain? Is man, with his power of choice and freedom of will, so dif- 
ferent from a conscious machine that any proposal to measure his 
moral qualities is based upon a fallacy? If so, it would be ridiculous 
to waste thought on the matter ; but if our temperament and charac- 
ter are durable realities, and persistent factors of our conduct, we 
have no Proteus to deal with in either case, and our attempts to grasp 
and measure them are reasonable. 

I have taken pains, as some of my readers may be aware, to obtain 
fresh evidence upon this question, which, in other words, is whether 
or not the actions of men are mainly governed by cause and effect. 
On the supposition that they are so governed, it is as important to us 
to learn the exact value of our faculties as it is to know the driving 
power of the engine and the quality of the machine that does our 
factory-work. If, on the other hand, the conduct of man is mainly 
the result of mysterious influences, such knowledge is of little service 
tohim. He must be content to look upon himself as on a ship, afloat 
in a strong and unknown current, that may drift her in a very differ- 
ent direction to that in which her head is pointed. 

My earlier inquiries into this subject had reference to the facts of 
heredity, and I came across frequent instances in which a son, happen- 
ing to inherit somewhat exclusively the qualities of his father, had 
been found to fail with his failures, sin with his sins, surmount with 
his virtues, and generally to get through life in much the same way. 
The course of his life had, therefore, been predetermined by his in- 
born faculties, or, to continue the previous metaphor, his ship had not 
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drifted, but pursued the course in which her head was set until ghe 
arrived at her predestined port. 

The second of my inquiries was into the life-histories of twins, in 
the course of which I collected cases where the pair of twins resem. 
bled each other so closely that they behaved like one person, thought 
and spoke alike, and acted similar parts when separated. Whatever 
spontaneous feeling the one twin may have had, the other twin at the 
very same moment must have had a spontaneous feeling of exactly 
the same kind. Such habitual coincidences, if they had no common 
cause, would be impossible ; we are therefore driven to the conclusion 
that, whenever twins think and speak alike, there is no spontaneity in 
either of them, in the popular acceptation of the word, but that they 
act mechanically and in like ways, because their mechanisms are alike, 
I need not reiterate my old arguments, and will say no more about 
the twins, except that new cases have come to my knowledge which 
corroborate former information. It follows that, if we had in our 
keeping the twin of a man, who was his “double,” we might obtain g 
trustworthy forecast of what the man would do under any new condi- 
tions, by first subjecting that twin to the same conditions and watch- 
ing his conduct. 

My third inquiry is more recent. It was a course of introspective 
search into the operations of my own mind, whenever I caught myself 
engaged in a feat of what at first sight seemed to be free-will. The 
inquiry was carried on almost continuously for three weeks, and pro- 
ceeded with, off and on, for many subsequent months. After I had 
mastered the method of observation, a vast deal of apparent mystery 
cleared away, and I ultimately reckoned the rate of occurrence of per- 
plexing cases, during the somewhat uneventful but pleasant months of 


@ summer spent in the country, to be less than one aday. All the rest_ 


of my actions seemed clearly to lie within the province of normal cause 
and consequence. The general results of my introspective inquiry sup- 
port the views of those who hold that man is little more than a con- 
scious machine, the larger part of whose actions are predicable, As 
regards such residuum as there may be, which is not automatic, and 
which a man, however wise and well-informed, could not possibly 
foresee, I have nothing to say ; but I have found that the more care- 
fully I inquired, whether it was into hereditary similarities of conduct, 
into the life-histories of twins, or now introspectively into the pro- 
cesses of what I should have called my own free-will, the smaller seems 
the room left for the possible residuum. 

I conclude from these three inquiries that the motives of the will 
are mostly normal, and that the character which shapes our conduct is 
a definite and durable “something,” and therefore that it is reasonable 
to attempt to measure it. We must guard ourselves against suppos 
ing that the moral faculties which we distinguish by different names, 
as courage, sociability, niggardliness, are separate entities. On the com 












o 


ans ew ewrms Fae ew On ke TP 








Hi | 





MEASUREMENT OF CHARACTER. 735 


trary, they are so intermixed that they are never singly in action, I 
tried to gain an idea of the number of the more conspicuous aspects 
of the character by counting in an appropriate dictionary the words 
used to express them. Roget’s “Thesaurus” was selected for that 

,and I examined many pages of its index here and there as 
samples of the whole, and estimated that it contained fully one thou- 
sand words expressive of character, each of which has a separate shade 
of meaning, while each shares a large part of its meaning with some of 
the rest. 

It may seem hopeless to deal accurately with so vague and wide a 
subject, but it often happens that, when we are unable to meet difficul- 
ties, we may evade them, and so it is with regard to the present diffi- 
culty. It is true that we can not define any aspect of character, but 
we can define a test that shall elicit some manifestation of character, 
and we can define the act performed in response to it. Searchings 
into the character must be conducted on the same fundamental prin- 
ciple as that which lies at the root of examinations into the intellectual 
capacity. Here there has been no preliminary attempt to map out the 
field of intellect with accuracy ; but definite tests are selected by 
which the intellect is probed at places that are roughly known but not 
strictly defined, as the depth of a lake might be sounded from a boat 
rowing here and there. So it should be with respect to character. 
Definite acts in response to definite emergencies have alone to be noted. 
No accurate map of character is required to start from. 

Emergencies need not be waited for, they can be extemporized ; 
traps, as it were, can be laid. Thus, a great ruler, whose word can 
make or mar a subject’s fortune, wants a secret agent, and tests his 
character during a single interview. He contrives by a few minutes’ 
questioning, temptation, and show of displeasure, to turn his charac- 
ter inside out, exciting in turns his hopes, fear, zeal, loyalty, ambition, 
and so forth. Ordinary observers, who stand on a far lower pedestal, 
can not hope to excite the same tension and outburst of feeling in 
those whom they examine, but they can obtain good data in a more 
leisurely way. If they are unable to note a man’s conduct under great 
trials for want of opportunity, they may do it in small ones, and it is 
well that those smali occasions should be such as are of frequent 
occurrence, that the statistics of men’s conduct under like conditions 
may be compared. After fixing upon some particular class of persons 
of similar age, sex, and social condition, we have to find out what com- 
mon incidents in their lives are most apt to make them betray their 
character. We may then take note, as often as we can, of what they 
do on these occasions, so as to arrive at their statistics of conduct in a 
limited number of well-defined small trials. 

One of the most notable differences between man and man lies in 
the emotional temperament. Some persons are quick and excitable ; 
others are slow and deliberate. A sudden excitement, call, touch, gest- 
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ure, or incident of any kind evokes, in different persons, a response 
that varies in intensity, celerity, and quality. An observer watchj 
children, heart and soul at their games, would soon collect en 
material to enable him to class them according to the quantity of 
emotion that they showed. I will not attempt to describe particular 
games of children or of others, nor to suggest experiments, more or 
less comic, that might be secretly made to elicit the manifestations we 
seek, as many such will occur to ingenious persons. They exist jp 
abundance, and I feel sure that, if two or three experimenters were 
to act zealously and judiciously together as secret accomplices, they 
would soon collect abundant statistics of conduct. They would grad- 
ually simplify their test conditions and extend their scope, learning to 
probe character more quickly and from more of its sides, 

It is a question by no means to be decided off-hand in the neg. 
tive, whether instrumental measurements of the magnitude of the 
reflex signs of emotion in persons who desire to submit themselves to 
experiment are not feasible. The difficulty lies in the more limited 
range of tests that can be used when the freedom of movement is 
embarrassed by the necessary mechanism. The exciting cause of emo- 
tion, whatever it be, a fright, a suspense, a scold, an insult, a grief, 
must be believed to be genuine, or the tests would be worthless. It is 
not possible to sham emotion thoroughly. A good actor may move 
his audience as deeply as if they were witnessing a drama of real life, 
but the best actor can not put himself into the exact frame of mind of 
a real sufferer. If he did, the reflex and automatic signs of emotion 
excited in his frame would be so numerous and violent that they would 
shatter his constitution long before he had acted a dozen tragedies, 

The reflex signs of emotion that are perhaps the most easily regis- 
tered are the palpitations of the heart. They can not be shammed or 
repressed, and they are visible. Our poet-laureate has happily and 
artistically exemplified this. He tells us that Launcelot, returning to 
court after a long illness, through which he had been nursed by Elaine, 
sent to crave an audience of the jealous queen. The messenger util- 
izes the opportunity for observing her in the following ingenious way 
like a born scientist : 

“ Low drooping till he well-nigh kissed her feet 
For loyal awe, saw with a sidelong eye 
The shadow of a piece of pointed lace 
In the queen’s shadow, vibrate on the wall, 
And parted, laughing in his courtly heart.” 


Physiological experimenters are not content to look at shadows on 
the wall, that depart and leave no mark. They obtain durable traces 
by the aid of appropriate instruments. Maret’s pretty little pneumo- 
cardiograph is very portable, but not so sure in action as the more 
bulky apparatus. It is applied tightly to the chest in front. of the 
heart, by a band passing round the body. At each to-and-fro move 
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ment, whether of the chest as a whole, or of the portion over the 
heart, it sucks in or blows out a little puff of air. A thin India-rubber 
tube connects its nozzle with a flat elastic bag under the short arm of 
alever. The other end of the lever moves up and down in accordance 
with the part of the chest to which the pneumo-cardiograph is applied, 
and scratches light marks on a band of paper which is driven onward 
by clock-work. This little instrument can be worn under the buttoned 
coat without being noticed. I was anxious to practice myself in its 
use, and wore one during the formidable ordeal of delivering the Rede 
Lecture in the senate-house at Cambridge, a month ago (most of this 
very memoir forming part of that lecture). I had no connection es- 
tablished between. my instrument and any recording apparatus, but 
wore it merely to see whether or not it proved in any way irksome. If 
[had had a table in front of me, with the recording apparatus stowed 
out of sight below, and an expert assistant near at hand to turn a stop- 
cock at appropriate moments, he could have obtained samples of my 
heart’s action without causing me any embarrassment whatever. I 
should have forgotten all about the apparatus while I was speaking. 

Instrumental observers of the reflex signs of emotion have other 
means available besides this, and the sphygmograph that measures the 
pulse. Every twitch of each separate finger even of an infant’s hand 
is registered by Dr. Warner’s ingenious little gauntlet. Every move- 
ment of each limb of man or horse is recorded by Dr. Maret. The 
apparatus of Mosso measures the degree in which the blood leaving 
the extremities rushes to the heart and head and internal organs. 
Every limb shrinks sensibly in volume from this withdrawal of the 
blood, and the shrinkage of any one of them, say the right arm, is 
measured by the fall of water in a gauge that communicates with a 
long bottleful of water, through the neck of which the arm has been 
thrust, and in which it is softly but effectually plugged. 

Ishould not be surprised if the remarkable success of many per- 
sons in “ muscle-reading” should open out a wide field for delicate 
instrumental investigations. The poetical metaphors of ordinary lan- 
guage suggest many possibilities of measurement. Thus, when two 
persons have an “inclination” to one another, they visibly incline or 
slope together when sitting side by side, as at a dinner-table, and they 
then throw the stress of their weights on the near legs of their chairs. 
It does not require much ingenuity to arrange a pressure-gauge with 
an index and dial to indicate changes in stress, but it is difficult to de- 
vise an arrangement that shall fulfill the threefold condition of being 
effective, not attracting notice, and being applicable to ordinary fur- 
niture. I made some rude experiments, but, being busy with other 
matters, have not carried them on, as I had hoped. 

Another conspicuous way in which one person differs from another 
is in temper. Some men are easily provoked, others remain cheerful 
even when affairs go very contrary to their liking. We all know spe- 

TOL, XXV.—47 
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cimens of good and bad-tempered persons, and all of us could proba. 
bly specify not a few approriate test conditions to try the temper in 
various ways, 2nd elicit definite responses. There is no doubt that the 
temper of a dog can be tested. Many boys do it habitually, and learn 
to a nicety how much each will put up with, without growling or show. 
ing other signs of resentment. They do the same to one another, and 
gauge each other’s tempers accurately. 

It is difficult to speak of tests of character without thinking of 
Benjamin Franklin’s amusing tale of the “Handsome and the De. 
formed Leg,” and there is no harm in quoting it, because, however 
grotesque, it exemplifies the principle of tests. In it he describes two 
sorts of people ; those who habitually dwell on the pleasanter circum. 
stances of the moment, and those who have no eyes but for the un- 
pleasing ones. He tells how a philosophical friend took special pre. 
cautions to avoid those persons who, being discontented themselves, 
sour the pleasures of society, offend many people, and make themselves 
everywhere disagreeable. In order to discover a pessimist at first 
sight, he cast about for an instrument. He of course possessed a ther- 
mometer to test heat, and a barometer to tell the air-pressure, but he 
had no instrument to test the characteristic of which we are speaking. 
After much pondering he hit upon a happy idea. He chanced to have 
one remarkably handsome leg, and one that by some accident was 
crooked and deformed, and these he used for the purpose. If a stran- 
ger regarded his ugly leg more than his handsome one, he doubted 
him. If he spoke of it and took no notice of the handsome leg, the 
philosopher determined to avoid his further acquaintance. Franklin 
sums up by saying that every one has not this two-legged instrument, 
but every one with a little attention may observe the signs of a carp- 
ing and fault-finding disposition. 

This very disposition is the subject of the eighteenth “ character” 
of Theophrastus, who describes the conduct of such men under the 
social conditions of the day, one of which is also common to our own 
time and countrymen. He says that when the weather has been very 
dry for a long time, and it at last changes, the grumbler, being unable 
to complain of the rain, complains that it did not come sooner. The 
British philosopher has frequent opportunities for applying weather 
tests to those whom he meets, and with especial fitness to such as hap- 
pen to be agriculturists. 

The points I have endeavored to impress are chiefly these : First, 
that character ought to be measured by carefully recorded acts, repre- 
sentative of the usual conduct. An ordinary generalization is nothing 
more than a muddle of vague memories of jnexact observations. It is 
an easy vice to generalize. We want lists of facts, every one of which 
may be separately verified, valued, and revalued, and the whole accu- 
rately summed. It is the statistics of each man’s conduct in small, 
every-day affairs that will probably be found to give the simplest and 
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most precise measure of his character. The other chief point that I 
wish to impress is, that a practice of deliberately and methodically 
testing the character of others and of ourselves is not wholly fanciful, 
but deserves consideration and experiment.—Fortnightly Review. 





THE RECENT PROGRESS OF PHYSICAL SCIENCE.* 
By Proressor LORD RAYLEIGH. 


ADIES AND. GENTLEMEN : It is no ordinary meeting of the 
British Association which I have now the honor of address- 

ing. For more than fifty years the Association has held its autumn 
gathering in various towns of the United Kingdom, and within those 
limits there is, I suppose, no place of importance which we have not 
visited. And now, not satisfied with past successes, we are seeking 
new worlds to conquer. When it was first proposed to visit Canada, 
there were some who viewed the project with hesitation. For my own 
part, I never quite understood the grounds of their apprehension, 
Perhaps they feared the thin edge of the wedge. When once the 
principle was admitted, there was no knowing to what it might lead. 
So rapid is the development of the British Empire, that the time might 
come when a visit to such out-of-the-way places as London or Man- 
chester could no longer be claimed as a right, but only asked for as a 
concession to the susceptibilities of the English. But, seriously, what- 
ever objections may have at first been felt soon were outweighed by 
the consideration of the magnificent opportunities which your hos- 
pitality affords of extending the sphere of our influence and of becom- 
ing acquainted with a part of the Queen’s dominion which, associated 
with splendid memories of the past, is advancing daily by leaps and 
bounds to a position of importance such as not long ago was scarcely 
dreamed of. For myself, I am not a stranger to your shores. I re- 
member well the impression made upon me, seventeen years ago, by 
the wild rapids of the St. Lawrence, and the gloomy grandeur of the 
Saguenay. If anything impressed me more, it was the kindness with 
which I was received by yourselves, and which I doubt not will be 
again extended not merely to myself but to all the English members 
of the Association, I am confident that those who have made up their 
minds to cross the ocean will not repent their decision, and that, apart 
altogether from scientific interests, great advantage may be expected 
from this visit. We Englishmen ought to know more than we do of 
matters relating to the colonies, and anything which tends to bring the 
various parts of the empire into closer contact can hardly be over- 


* Inaugural address of the President of the British Association for the Advancement 
of Science, delivered at Montreal, August 27, 1884, 











740 THE POPULAR SCIENCE MONTHLY. 


valued. It is pleasant to think that this Association is the means of 
furthering an object which should be dear to the hearts of all of Us ; 
and I venture to say that a large proportion of the visitors to this 
country will be astonished by what they see, and will carry home an 
impression which time will not readily efface. 

To be connected with this meeting is, to me, a great honor, but 
also a great responsibility. In one respect, especially, I feel that the 
Association might have done well to choose another president, My 
own tastes have led me to study mathematics and physics rather than 
geology and biology, to which naturally more attention turns in a new 
country, presenting as it does a fresh field for investigation. A chronj- 
cle of achievements in these departments by workers from amon 
yourselves would have been suitable to the occasion, but could not 
come from me. If you would have preferred a different subject for 
this address, I hope, at least, that you will not hold me entirely re. 
sponsible. 

At annual gatherings like ours the pleasure with which friends 
meet friends again is sadly marred by the absence of those who can 
never more take their part in our proceedings. Last year my prede- 
cessor in this office had to lament the untimely loss of Spottiswoode 
and Henry Smith, dear friends of many of us, and prominent mem- 
bers of our Association. And now, again, a well-known form is miss- 
ing. For many years Sir W. Siemens has been a regular attendant at 
our meetings, and to few indeed have they been more indebted for 
success. Whatever the occasion, in his Presidential Address of two 
years ago, or in communications to the Physical and Mechanical Sec- 
tions, he had always new and interesting ideas, put forward in lan- 
guage which a child could understand, so great a master was he 
of the art of lucid statement in his adopted tongue. Practice with 
science was his motto. Deeply engaged in industry, and conversant 
all his life with engineering operations, his opinion was never that of 
a mere theorist. On the other hand, he abhorred rule of thumb, 
striving always to master the scientific principles which underlie ra- 
tional design and invention. 

It is not necessary that I should review in detail the work of Sie- 
mens. The part which he took, during recent years, in the develop- 
ment of the dynamo-machine must be known to many of you. We 
owe to him the practical adoption of the method, first suggested by 
Wheatstone, of throwing into a shunt the coils of the field-magnets, 
by which a greatly improved steadiness of action is obtained. The 
same characteristics are observable throughout—a definite object in 
view and a well-directed perseverance in overcoming the difficulties 
by which the path is usually obstructed. 

These are, indeed, the conditions of successful invention. The 
world knows little of such things, and regards the new machine or 
the new method as the immediate outcome of a happy idea. Probe 
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bly, if the truth were known, we should see that, in nine cases out of 
ten, success depends as much upon good judgment and perseverance 
as upon fertility of imagination. The labors of our great inventors 
are not unappreciated, but I doubt whether we adequately realize the 
enormous obligations under which we lie. It is no exaggeration to say 
that the life of such a man as Siemens is spent in the public service ; 
the advantages which he reaps for himself being as nothing in com- 
parison with those which he confers upon the community at large. 

As an example of this it will be sufficient to mention one of the 
most valuable achievements of his active life—his introduction, in 
conjunction with his brother, of the regenerative gas-furnace, by 
which an immense economy of fuel (estimated at millions of tons an- 
nually) has been effected in the manufacture of steel and glass. The 
nature of this economy is easily explained. Whatever may be the 
work to be done by the burning of fuel, a certain temperature is neces- 

For example, no amount of heat in the form of boiling water 
would be of any avail for the fusion of steel. When the products of 
combustion are cooled down to the point in question, the heat which 
they still contain is useless as regards the purpose in view. The im- 
portance of this consideration depends entirely upon the working tem- 
perature. If the object be the evaporation of water or the warming 
of a house, almost all the heat may be extracted from the fuel without 
special arrangements. But it is otherwise when the temperature re- 
quired is not much below that of combustion itself, for then the 
escaping gases carry away with them the larger part of the whole heat 
developed. It was to meet this difficulty that the regenerative-furnace 
was devised. The products of combustion, before dismissal into the 
chimney, are caused to pass through piles of loosely stacked fire-brick, 
to which they give up their heat. After a time the fire-brick, upon 
which the gases first impinge, becomes nearly as hot as the furnace 
itself. By suitable valves the burned gases are then diverted through 
another stack of brick-work, which they heat up in like manner, while 
the heat stored up in the first stack is utilized to warm the unburned 
gas and air on their way to the furnace. In this way almost all the 
heat developed at a high temperature during the combustion is made 
available for the work in hand. 

As it is now several years since your presidential chair has been 
occupied by a professed physicist, it may naturally be expected that 
I should attempt some record of recent progress in that branch of 
science, if, indeed, such a term be applicable. For it is one of the 
difficulties of the task that subjects as distinct as mechanics, electricity, 
heat, optics, and acoustics, to say nothing of astronomy and meteor- 
ology, are included under physics. Any one of these may well occupy 
the life-long attention of a man of science, and to be thoroughly con- 
versant with all of them is more than can be expected of any one 
individual, and is probably incompatible with the devotion of much 
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time and energy to the actual advancement of knowledge. Not that 
I would complain of the association sanctioned by common parlance, 
A sound knowledge of at least the principles of general physicg jg 
necessary to the cultivation of any department. The predominange 
of the sense of sight as the medium of communication with the outer 
world brings with it dependence upon the science of optics ; and there 
is hardly a branch of science in which the effects of temperature haye 
not (often without much success) to be reckoned with. Besides, the 
neglected border-land between two branches of knowledge is often 
that which best repays cultivation, or, to use a metaphor of Maxwell’, 
the greatest benefits may be derived from a cross-fertilization of the 
sciences. The wealth of material is an evil only from the point of view 
of one of whom too much may be expected. Another difficulty incident 
to the task, which must be faced but can not be overcome, is that of 
estimating rightly the value, and even the correctness, of recent 
work. It is not always that which seems at first the most important 
that proves in the end to be so. The history of science teems with 
examples of discoveries which attracted little notice at the time, but 
afterward have taken root downward and borne much fruit upward. 

One of the most striking advances of recent years is in the pro- 
duction and application of electricity upon a large scale—a subject to 
which I have already had occasion to allude in connection with the 
work of Sir W. Siemens. The dynamo-machine is, indeed, founded 
upon discoveries of Faraday now more than half a century old; but 
it has required the protracted labors of many inventors to bring it to 
its present high degree of efficiency. Looking back at the matter, 
it seems strange that progress should have been so slow. I do not 
refer to details of design, the elaboration of which must always, I 
suppose, require the experience of actual work to indicate what parts 
are structurally weaker than they should be, or are exposed to 
undue wear and tear. But, with regard to the main features of the 
problem, it would almost seem as if the difficulty lay in want of faith. 
Long ago it was recognized that electricity derived from chemical 
action is (on a large scale) too expensive a source of mechanical 
power, notwithstanding the fact that (as proved by Joule in 1846) 
the conversion of electrical into mechanical work can be effected with 
great economy. From this it is an evident consequence that electricity 
may advantageously be obtained from mechanical power ; and one 
can not help thinking that, if the fact had been borne steadily in mind, 
the development of the dynamo might have been much more rapid. 
But discoveries and inventions are apt to appear obvious when re- 
garded from the stand-point of accomplished fact, and I draw attention 
to the matter only to point the moral that we do well to push the 
attack persistently when we can be sure beforehand that the ob- 
stacles to be overcome are only difficulties of contrivance, and that we 
are not vainly fighting unawares against a law of Nature. 
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The present development of electricity on a large scale depends, 
however, almost as much upon the incandescent lamp as upon the 
dynamo. The success of these lamps demands a very perfect vacuum 
—not more than about one-millionth of the normal quantity of air 
should remain—and it is interesting to recall that, twenty years ago, 
such vacua were rare even in the laboratory of the physicist. It is 
pretty safe to say that these wonderful results would never have been 
accomplished had practical applications alone been in view. The way 
was prepared by an army of scientific men whose main object was the 
advancement of knowledge, and who could scarcely have imagined 
that the processes which they elaborated would soon be in use on a 
commercial scale and intrusted to the hands of ordinary workmen. 

When I speak in hopeful language of practical electricity, I do not 
forget the disappointment within the last year or two of many over- 
sanguine expectations. The enthusiasm of the inventor and promoter 
is necessary to progress, and it seems to be almost a law of Nature 
that it should overpass the bounds marked out by reason and experi- 
ence. What is most to be regretted is the advantage taken by specu- 
lators of the often uninstructed interest felt by the public in novel 
schemes by which its imagination is fired. But, looking forward to 
the future of electric lighting, we have good ground for encourage- 
ment. Already the lighting of large passenger-ships is an assured 
success, and one which will be highly appreciated by those travelers 
who have experienced the tedium of long winter evenings unrelieved 
by adequate illumination. Here, no doubt, the conditions are in many 
respects especially favorable. As regards space, life on board ship is 
highly concentrated ; while unity of management and the presence 
on the spot of skilled engineers obviate some of the difficulties that 
are met with under other circumstances. At present we have no ex- 
perience of a house-to-house system of illumination on a great scale 
and in competition with cheap gas; but preparations are already far 
advanced for trial on an adequate scale in London. In large institu- 
tions, such as theatres and factories, we all know that electricity is in 
successful and daily extending operation. 

When the necessary power can be obtained from the fall of water, 
instead of from the combustion of coal, the conditions of the problem 
are far more favorable. Possibly the severity of your winters may 
prove an obstacle, but it is impossible to regard your splendid river 
without the thought arising that the day may come when the vast 
powers now running to waste shall be bent into your service. Such a 
project demands, of course, the most careful consideration, but it is 
one worthy of an intelligent and enterprising community. 

The requirements of practice react in the most healthy manner 
upon scientific electricity. Just as in former days the science received 
a stimulus from the application to telegraphy, under which everything 
relating to measurement on a small scale acquired an importance and 
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development for which we might otherwise have had long to wait, go 
now the requirements of electric lighting are giving rise to a new de. 
velopment of the art of measurement upon a large scale, which cap 
not fail to prove of scientific as well as practical importance. Mere 
change of scale may not at first appear a very important matter, but 
it is surprising how much modification it entails in the instruments, 
and in the processes of measurement. For instance, the resistance. 
coils on which the electrician relies in dealing with currents whose 
maximum is a fraction of an ampére, fail altogether when it becomes 
a question of hundreds, not to say thousands, of ampéres. 

The powerful currents which are now at command constitute al- 
most a new weapon in the hands of the physicist. Effects, which in 
old. days were rare and difficult of observation, may now be produced 
at will on the most conspicuous scale. Consider, for a moment, Fara- 
day’s great discovery of the “magnetization of light,” which Tyndall 
likens to the Weisshorn among mountains, as high, beautiful, and 
alone. This judgment (in which I fully concur) relates to the scien- 
tific aspect of the discovery, for to the eye of sense nothing could have 
been more insignificant. It is even possible that it might have eluded 
altogether the penetration of Faraday, had he not been provided with 
aspecial quality of very heavy glass. At the present day these effects 
may be produced upon a scale that would have delighted their dis- 
coverer, a rotation of the plane of polarization through 180° being per- 
fectly feasible. With the aid of modern appliances, Kundt and Rént- 
gen, in Germany, and H. Becquerel, in France, have detected the 
rotation in gases and vapors, where, on account of its extreme small- 
ness, it had previously escaped notice. 

Again, the question of the magnetic saturation of iron has now an 
importance entirely beyond what it possessed at the time of Joule’s 
early observations. Then it required special arrangements purposely 
contrived to bring it into prominence. Now in every dynamo-ma- 
chine the iron of the field-magnets approaches a state of saturation, 
and the very elements of an explanation of the action require us to 
take the fact into account. It is, indeed, probable that a better 
knowledge of this subject might lead to improvements in the design 
of these machines. 

Notwithstanding the important work of Rowland and Stoletow, the 
whole theory of the behavior of soft iron under varying magnetic con- 
ditions is still somewhat obscure. Much may be hoped from the in- 
duction-balance of Hughes, by which the marvelous powers of the 
telephone are applied to the discrimination of the properties of metals, 
as regards magnetism and electric conductivity. 

The introduction of powerful alternate-current in machines by 
Siemens, Gordon, Ferranti, and others, is likely also to have a salutary 
effect in educating those so-called practical electricians whose ideas do 
not easily rise above ohms and volts. It has long been known that, 
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when the changes are sufficiently rapid, the phenomena are governed 
much more by induction, or electric inertia, than by mere resistance. 
On this principle much may be explained that would otherwise seem 

oxical. To take a comparatively simple case, conceive an elec- 
tro-magnet wound with two contiguous wires, upon which acts a given 
rapidly periodic electro-motive force. If one wire only be used, a cer- 
tain amount of heat is developed in the circuit. Suppose now that the 
second wire is brought into operation in parallel—a proceeding equiv- 
alent to doubling the section of the original wire. An electrician, 
accustomed only to constant currents, would be sure to think that the 
heating effect would be doubled by the change, as much heat being 
developed in each wire separately as was at first in the single wire. 
But such a conclusion would be entirely erroneous. The total current, 
being governed practically by the self-induction of the circuit, would 
not be augmented by the accession of the second wire, and the total 
heating effect, so far from being doubled, would, in virtue of the 
superior conductivity, be halved. 

During the last few years much interest has been felt in the reduc- 
tion to an absolute standard of measurements of electro-motive force, 
current, resistance, etc., and to this end many laborious investigations 
have been undertaken. The subject is one that has engaged a good 
deal of my own attention, and I should naturally have felt inclined to 
dilate upon it, but that I feel it to be too abstruse and special to be 
dealt with in detail upon an occasion like the present. As regards re- 
sistance, I will merely remind you that the recent determinations have 
shown a so greatly improved agreement that the Conference of Elec- 
tricians assembled at Paris, in May, have felt themselves justified in 
defining the ohm, for practical use, as the resistance of a column of 
mercury of 0° C., one square millimetre in section, and 106 centi- 
metres in length—a definition differing by a little more than one per 
cent from that arrived at twenty years ago by a committee of this 
Association. 

A standard of resistance once determined upon can be embodied 
in a “resistance-coil,” and copied without much trouble, and with 
great accuracy. But, in order to complete the electrical system, a 
second standard of some kind is necessary, and this is not so easily 
embodied in a permanent form. It might conveniently consist of a 
standard galvanic cell, capable of being prepared in a definite manner, 
whose electro-motive force is once for all determined. Unfortunately, 
most of the batteries in ordinary use are, for one reason or another, 
unsuitable for this purpose, but the cell introduced by Mr. Latimer 
Clark, in which the metals are zinc in contact with saturated zinc sul- 
phate and pure mercury in contact with mercurous sulphate, appears 
to give satisfactory results. According to my measurements, the elec- 
tro-motive force of this cell is 1-435 theoretical volt. 

We may also conveniently express the second absolute electrical 
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measurement necessary to the completion of the system by taking ad. 
vantage of Faraday’s law, that the quantity of metal decomposed jn 
an electrolytic cell is proportional to the whole quantity of electrigj 
that passes. The best metal for the purpose is silver, deposited from 
a solution of the nitrate or of the chlorate. The results recently ob. 
tained by Professor Kohlrausch and by myself are in very good agree. 
ment, and the conclusion that one ampére flowing for one hour decom. 
poses 4025 grains of silver, can hardly be in error by more thang 
thousandth part. This number being known, the silver voltameter 
gives a ready and very accurate method of measuring currents of ip. 
tensity, varying from ;4, ampére to four or five ampéres. 

The beautiful and mysterious phenomena attending the discharge 
of electricity in nearly vacuous spaces have been investigated, and in 
some degree explained, by De La Rue, Crookes, Schuster, Moulton, 
and the lamented Spottiswoode, as well as by various able foreign 
experimenters. In a recent research Crookes has sought the origin of 
a bright citron-colored band in the phosphorescent spectrum of certain 
earths, and, after encountering difficulties and anomalies of a most be- 
wildering kind, has succeeded in proving that it is due to yttrium, an 
element much more widely distributed than had been supposed. A 
conclusion like this is stated in a few words, but those only who have 
undergone similar experience are likely to appreciate the skill and per- 
severance of which it is the final reward. 

A remarkable observation by Hall, of Baltimore, from which it ap- 
peared that the flow of electricity in a conducting sheet was disturbed 
by magnetic force, has been the subject of much discussion. Mr. Shel- 
ford Bidwell has brought forward experiments tending to prove that 
the effect is of a secondary character, due, in the first instance, to the 
mechanical force operating upon the conductor of an electric current 
when situated in a powerful magnetic field. Mr. Bidwell’s view agrees 
in the main with Mr. Hall’s division of the metals into two groups 
according to the direction of the effect. 


* 


Without doubt the most important achievement of the older gen- 
eration of scientific men has been the establishment and application of 
the great laws of thermo-dynamics, or, as it is often called, the me- 
chanical theory of heat. The first law, which asserts that heat and 
mechanical work can be transformed one into the other at a certain 
fixed rate, is now well understood by every student of physics, and 
the number expressing the mechanical equivalent of heat resulting 
from the experiments of Joule has been confirmed by the researches 
of others, and especially of Rowland. But the second law, which 
practically is even more important than the first, is only now begin- 
ning to receive the full appreciation due to it. One reason of this 
may be found in a not unnatural confusion of ideas. Words do not 
always lend themselves readily to the demands that are made upon 
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them by 3 growing science, and I think that the almost unavoidable 
use of the word equivalent, in the statement of the first law, is partly 
responsible for the little attention that is given to the second. For 
the second law so far contradicts the usual statement of the first as 
to assert that equivalents of heat and work are not of equal value. 
While work can always be converted into heat, heat can only be con- 
yerted into work under certain limitations. For every practical pur- 
the work is worth the most, and when we speak of equivalents 
we use the word in the same sort of special sense as that in which 
chemists speak of equivalents of gold and iron. The second law 
teaches us that the real value of heat, as a source of mechanical. 
wer, depends upon the temperature of the body in which it resides ; 

the hotter the body in relation to its surroundings, the more available 
the heat. 

In order to see the relations which obtain between the first and 
the second law of thermo-dynamics, it is only necessary for us to 
glance at the theory of the steam-engine. Not many years ago caleu- 
lations were plentiful, demonstrating the inefficiency of the steam- 
engine on the basis of a comparison of the work actually got out of 
the engine with the mechanical equivalent of the heat supplied to 
the boiler. Such calculations took into account only the first law of 
thermo-dynamics, which deals with the equivalents of heat and work, 
and have very little bearing upon the practical question of efficiency, 
which requires us to have regard also to the second law. According 
to that law, the fraction of the total energy which can be converted 
into work depends upon the relative temperatures of the boiler and 
condenser ; and it is, therefore, manifest that, as the temperature of 
the boiler can not be raised indefinitely, it is impossible to utilize all 
the energy which, according to the first law of thermo-dynamics, is 
resident in the coal. 

On a sounder view of the matter, the efficiency of the steam-engine 
is found to be so high that there is no great margin remaining for 
improvement. The higher initial temperature possible in the gas-en- 
gine opens out much wider possibilities, and many good judges look 
forward to a time when the steam-engine will have to give way to its 
younger rival. 

To return to the theoretical question, we may say with Sir W. 
Thomson that, though energy can not be destroyed, it ever tends to 
be dissipated, or to pass from more available to less available forms. 
No one who has grasped this principle can fail to recognize its im- 
mense importance in the system of the universe. Every change— 
chemical, thermal, or mechanical—which takes place, or can take place, 
in Nature does so at the cost of a certain amount of available energy. 
If, therefore, we wish to inquire whether or not a proposed transfor- 
mation can take place, the question to be considered is whether its 
occurrence would involve dissipation of energy. If not, the trans- 
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formation is (under the circumstances of the case) absolutely excluded, 
Some years ago, in a lecture at the Royal Institution, I endeavored to 
draw the attention of chemists to the importance of the Principle of 
dissipation in relation to their science, pointing out the error of the 
usual assumption that a general criterion is to be found in respect of 
the development of heat. For example, the solution of a salt in water 
is, if I may be allowed the phrase, a down-hill transformation. It jp. 
volves dissipation of energy, and can therefore go forward ; but jp 
many cases it is associated with the absorption rather than with the 
development of heat. I am glad to take advantage of the present 
opportunity in order to repeat my recommendation, with an emphasis 
justified by actual achievement. The foundations laid by Thomson 
now bear an edifice of no mean proportions, thanks to the labors of 
several physicists, among whom must be especially mentioned Wil. 
lard Gibbs and Helmholtz. The former has elaborated a theory of 
the equilibrium of heterogeneous substances, wide in its principles, 
and we can not doubt far-reaching in its consequences. In a series 
of masterly papers Helmholtz has developed the conception of free 
energy with very important applications to the theory of the gal. 
vanic cell. He points out that the mere tendency to solution bears in 
some cases no small proportion to the affinities more usually reckoned 
chemical, and contributes largely to the total electro-motive force, 
Also in our own country Dr. Alder Wright has published some valu- 
able experiments relating to the subject. 

From the further study of electrolysis we may, expect to gain im- 
proved views as to the nature of the chemical reactions, and of the 
forces concerned in bringing them about. I am not qualified—I wish 
I were—to speak to you on recent progress in general chemistry, 
Perhaps my feelings toward a first love may blind me, but I can not 
help thinking that the next great advance, of which we have already 
some foreshadowing, will come on this side. And if I might without 
presumption venture a word of recommendation, it would be in favor 
of a more minute study of the simpler chemical phenomena. 


Under the head of scientific mechanics it is principally in relation 
to fluid motion that advances may be looked for. In speaking upon 
this subject I must limit myself almost entirely to experimental work. 
Theoretical hydro-dynamics, however important and interesting to the 
mathematician, are eminently unsuited to oral exposition. All I can 
do to attenuate an injustice, to which theorists are pretty well accus- 
tomed, is to refer you to the admirable reports of Mr. Hicks, published 
under the auspices of this Association. 

The important and highly practical work of the late Mr. Froude 
in relation to the propulsion of ships is doubtless known to most of 
you. Recognizing the fallacy of views then widely held as to the na 
ture of the resistance to be overcome, he showed to demonstration that, 
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in the case of fair-shaped bodies, we have to deal almost entirely with 
resistance dependent upon skin-friction, and at high speeds upon the 

eration of surface-waves by which energy is carried off. At speeds 
which are moderate in relation to the size of the ship, the resistance is 
practically dependent upon skin-friction only. Although Professor 
Stokes and other mathematicians had previously published calculations 
pointing to the same conclusion, there can be no doubt that the view 
generally entertained was very different. At the first meeting of the 
Association which I ever attended, as an intelligent listener, at Bath, 
in 1864, I well remember the surprise which greeted a statement by 
Rankine that he regarded skin-friction as the only legitimate resist- 
ance to the progress of a well-designed ship. Mr. Froude’s experi- 
ments have set the question at rest in a manner satisfactory to those 
who had little confidence in theoretical prevision. 

In speaking of an explanation as satisfactory in which skin-friction 
is accepted as the cause of resistance, I must guard myself against be- 
ing supposed to mean that the nature of skin-friction is itself well 
understood. Although its magnitude varies with the smoothness of 
the surface, we have no reason to think that it would disappear at any 
degree of smoothness consistent with an ultimate molecular structure. 
That it is connected with fluid viscosity is evident enough, but the 
modus operandi is still obscure. 

Some important work bearing upon the subject has recently been 
published by Professor O. Reynolds, who has investigated the flow of 
water in tubes as dependent upon the velocity of motion and upon the 
size of the bore. The laws of motion in capillary tubes, discovered 
experimentally by Poiseuille, are in complete harmony with theory. 
The resistance varies as the velocity, and depends in a direct manner 
upon the constant of viscosity. But when we come to the larger pipes 
and higher velocities with which engineers usually have to deal, the 
theory which presupposes a regularly stratified motion evidently ceases 
to be applicable, and the problem becomes essentially identical with 
that of skin-friction in relation to ship-propulsion. Professor Rey- 
nolds has traced with much success the passage from the one state of 
things to the other, and has proved the applicability under these com- 
plicated conditions of the general laws of dynamical similarity as 
adapted to viscous fluids by Professor Stokes. In spite of the difficul- 
ties which beset both the theoretical and experimental treatment, we 
may hope to attain before long to a better understanding of a subject 
which is certainly second to none in scientific as well as practical in- 
terest. 

As also closely connected with the mechanics of viscous fluids, I 
must not forget to mention an important series of experiments upon 
the friction of oiled surfaces, recently executed by Mr. Tower for the 
Institution of Mechanical Engineers. The results go far toward up- 
setting some ideas hitherto widely admitted. When the lubrication is 
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adequate, the friction is found to be nearly independent of the load, 
and much smaller than is usually supposed, giving a coefficient as low 
@8 zjyy- When the layer of oil is well formed, the pressure between 
the solid surfaces is really borne by the fluid, and the work lost jg 
spent in shearing, that is, in causing one stratum of the oil to glide 
over another. 

In order to maintain its position, the fluid must possess a certain 
degree of viscosity, proportionate to the pressure ; and, even when this 
condition is satisfied, it would appear to be necessary that the layer 
should be thicker on the ingoing than on the outgoing side. We may, 
I believe, expect from Professor Stokes a further elucidation of the 
processes involved. In the mean time, it is obvious that the results al. 
ready obtained are of the utmost value, and fully justify the action of 
the institution in devoting a part of its resources to experimental work, 
We may hope, indeed, that the example thus wisely set may be fol. 
lowed by other public bodies associated with various departments of 
industry. 

I can do little more than refer to the interesting observations of 
Professor Darwin, Mr. Hunt, and M. Forel on Ripplemark. The pro- 
cesses concerned would seem to be of a rather intricate character, and 
largely dependent upon fluid viscosity. It may be noted, indeed, that 
most of the still obscure phenomena of hydro-dynamics require for 
their elucidation a better comprehension of the laws of viscous motion, 
The subject is one which offers peculiar difficulties. In some prob- 
lems in which I have lately been interested, a circulating motion pre- 
sents itself of the kind which the mathematician excludes from the 
first when he is treating of fluids destitute altogether of viscosity, 
The intensity of this motion proves, however, to be independent of 
the coefficient of viscosity, so that it can not be correctly dismissed 
from consideration as a consequence of a supposition that the viscos- 
ity is infinitely small. The apparent breach of continuity can be ex- 
plained, but it shows how much care is needful in dealing with the 
subject, and how easy it is to fall into error. 

The nature of gaseous viscosity, as due to the diffusion of momen- 
tum, has been made clear by the theoretical and experimental researches 
of Maxwell. A flat disk moving in its own plane between two parallel 
solid surfaces is impeded by the necessity of shearing the intervening 
layers of gas, and the magnitude of the hindrance is proportional to 
the velocity of the motion and to the viscosity of the gas, so that 
under similar circumstances this effect may be taken as a measure, 
or rather definition, of the viscosity. From the dynamical theory of 
gases, to the development of which he contributed so much, Maxwell 
drew the startling conclusion that the viscosity of a gas should be in- 
dependent of its density—that within wide limits the resistance to 
the moving disk should be scarcely diminished by pumping out the 
gas, so as to form a partial vacuum. Experiment fully confirmed this 
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theoretical anticipation—one of the most remarkable to be found in 
the whole history of science, and proved that the swinging disk was 
retarded by the gas, as much when the barometer stood at half an 
inch as when it stood at thirty inches. It was obvious, of course, that 
the law must have a limit, that at a certain point of exhaustion the gas 
mast begin to lose its power; and I remember discussing with Max- 
well, soon after the publication of his experiments, the whereabout of 
the point at which the gas would cease to produce its ordinary effect. 
His apparatus, however, was quite unsuited for high degrees of ex- 
haustion, and the failure of the law was first observed by Kundt and 
Warburg, at pressures below one millimetre of mercury. Subse- 
quently the matter has been thoroughly examined by Crookes, who ex- 
tended his observations to the highest degrees of exhaustion as meas- 
ured by MacLeod’s gauge. Perhaps the most remarkable results re- 
late to hydrogen. From the atmospheric pressure of 760 millimetres 
down to about one half millimetre of mercury the viscosity is sensibly 
constant. From this point to the highest vacua, in which less than 
one-millionth of the original gas remains, the coefficient of viscosity 
drops down gradually to a small fraction of its original value. In 
these vacua Mr. Crookes regards the gas as having assumed a different 
(ultra-gaseous) condition ; but we must remember that the phenomena 
have relation to the other circumstances of the case, especially the 
dimensions of the vessel, as well as to the condition of the gas. 

Such an achievement as the prediction of Maxwell’s law of viscos- 
ity has, of course, drawn increased attention to the dynamical theory 
of gases. The success which has attended the theory in the hands of 
Clausius, Maxwell, Boltzmann, and other mathematicians, not only in 
relation to viscosity, but over a large part of the entire field of our 
knowledge of gases, proves that some of its fundamental postulates 
are in harmony with the reality of Nature. At the same time, it pre- 
sents serious difficulties ; and we can not but feel that, while the elec- 
trical and optical properties of gases remain out of relation to the 
theory, no final judgment is possible. The growth of experimental 
knowledge may be trusted to clear up many doubtful points, and a 
younger generation of theorists will bring to bear improved mathe- 
matical weapons. In the mean time we may fairly congratulate our- 
selves on the possession of a guide which has already conducted us to 
a position which could hardly otherwise have been attained. 


In optics attention has naturally centered upon the spectrum. The 
mystery attaching to the invisible rays lying beyond the red has been 
fathomed to an extent that, a few years ago, would have seemed al- 
most impossible. By the use of special photographic methods Abney 
has mapped out the peculiarities of this region with such success that 
our knowledge of it begins to be comparable with that of the parts 
visible to the eye. Equally important work has been done by Lang- 
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ley, using a refined invention of his own based upon the principle of 
Siemens’s pyrometer. This instrument measures the actual energy of 
the radiation, and thus expresses the effects of various parts of the 
spectrum upon a common scale, independent of the properties of the 
eye and of sensitive photographic preparations. Interesting regulty 
have also been obtained by Becquerel, whose method is founded y 
a curious action of the ultra-red rays in enfeebling the light emitted 
by phosphorescent substances. One of the most startling of Langley’s 
conclusions relates to the influence of the atmosphere in modifying 
the quality of solar light. By the comparison of observations made 
through varying thicknesses of air, he shows that the atmospheric ab. 
sorption tells most upon the light of high refrangibility ; so that, to 
an eye situated outside the atmosphere, the sun would present a de 
cidedly bluish tint. It would be interesting to compare the experi- 
mental numbers with the law of scattering of light by small particles 
given some years ago as the result of theory. The demonstration by 
Langley of the inadequacy of Cauchy’s law of dispersion to represent 
the relation between refrangibility and wave-length in the lower part 
of the spectrum must have an important bearing upon optical theory, 
The investigation of the relation of the visible and ultra-violet 
spectrum to various forms of matter has occupied the attention of a 
host of able workers, among whom none have been more successful 
than my colleagues at Cambridge, Professors Liveing and Dewar, 
The subject is too large both for the occasion and for the individual, 
and I must pass it by. But, as more closely related to optics proper, 
I can not resist recalling to your notice a beautiful application of the 
idea of Doppler to the discrimination of the origin of certain lines 
observed in the solar spectrum. If a vibrating body have a general 
motion of approach or recession, the waves emitted from it reach the 
observer with a frequency which in the first case exceeds, and in the 
second case falls short of, the real frequency of the vibrations them- 
selves. The consequence is that, if a glowing gas be in motion in the 
line of sight, the spectral lines are thereby displaced from the position 
that they would occupy were the gas at rest—a principle which, in 
the hands of Huggins and others, has led to a determination of the 
motion of certain fixed stars relatively to the solar system. But the 
sun is itself in rotation, and thus the position of a solar spectral line 
is slightly different according as the light comes from the advancing 
or from the retreating limb. This displacement was, I believe, first 
observed by Thollon ; but what I desire now to draw attention to is 
the application of it by Cornu to determine whether a line is of solar 
or atmospheric origin. For this purpose a small image of the sun is 
thrown upon the slit of the spectroscope, and caused to vibrate two 
or three times a second, in such a manner that the light entering the 
instrument comes alternately from the advancing and retreating limbs. 
Under these circumstances a line due to absorption within the sun 
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to tremble, as the result of slight alternately opposite displace- 

ments. But, if the seat of the absorption be in the atmosphere, it is a 
matter of indifference from what part of the sun the light originally 
roceeds, and the line maintains its position in spite of the oscillation 
of the image upon the slit of the spectroscope. In this way Cornu 
was able to make a discrimination which can only otherwise be effected 
by a difficult comparison of appearances under various solar altitudes. 

The instrumental weapon of investigation, the spectroscope itself, 
has made important advances. On the theoretical side, we have for 
our guidance the law that the optical power in gratings is proportional 
to the total number of lines accurately ruled, without regard to the 
degree of closeness, and in prisms that it is proportional to the thick- 
ness of glass traversed. The magnificent gratings of Rowland are a 
new power in the hands of the spectroscopist, and as triumphs of me- 
chanical art seem to be little short of perfection. In our own report 
for 1882, Mr. Mallock has described a machine, constructed by him, 
for ruling large diffraction gratings, similar in some respects to that 
of Rowland. 

The great optical constant, the velocity of light, has been the sub- 
ject of three distinct investigations by Cornu, Michelson, and Forbes. 
As may be supposed, the matter is of no ordinary difficulty, and it is 
therefore not surprising that the agreement should be less decided 
than could be wished. From their observations, which were made by 
a modification of Fizeau’s method of the toothed wheel, Young and 
Forbes drew the conclusion that the velocity of light in vacuo varies 
from color to color, to such an extent that the velocity of blue light 
is nearly two per cent greater than that of red light. Such a variation 
is quite opposed to existing theoretical notions, and could only be 
accepted on the strongest evidence. Mr. Michelson, whose method 
(that of Foucault) is well suited to bring into prominence a variation 
of velocity with wave-length, informs me that he has recently re- 
peated his experiments with special reference to the point in question, 
and has arrived at the conclusion that no variation exists comparable 
with that asserted by Young and Forbes. The actual velocity differs 
little from that found from his first series of experiments, and may be 
taken to be 299,800 kilometres per second. 

It is remarkable how many of the playthings of our childhood give 
rise to questions of the deepest scientific interest. The top is or may 
be understood, but a complete comprehension of the kite and of the 
soap-bubble would carry us far beyond our present stage of knowl- 
edge. In spite of the admirable investigations of Plateau, it still re- 
mains a mystery why soapy water stands almost alone among fluids 
asa material for bubbles. The beautiful development of color was 
long ago ascribed to the interference of light, called into play by the 
gradual thinning of the film. In accordance with this view, the tint 
is determined solely by the thickness of the film, and the refractive 
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index of the fluid. Some of the phenomena are, however, so 

as to have led excellent observers like Brewster to reject the ¢ 

of thin plates, and to assume the secretion of various kinds of color} 
matter. If the rim of a wine-glass be dipped in soapy water, and then 
held in a vertical position, horizontal bands soon begin to show at the 
top of the film, and extend themselves gradually downward. Accord. 
ing to Brewster, these bands are not formed by the “subsidence and 
gradual thinning of the film,” because they maintain their horizonta] 
position when the glass is turned round its axis. The experiment jg 
both easy and interesting ; but the conclusion drawn from it can not 
be accepted. The fact is, that the various parts of the film can not 
quickly alter their thickness, and hence when the glass is rotated they 
rearrange themselves in order of superficial density, the thinner parts 
floating up over or through the thicker parts. Only thus can the tend. 
ency be satisfied for the center of gravity to assume the lowest pos. 
sible position. 

When the thickness of a film falls below a small fraction of the 
length of a wave of light, the color disappears and is replaced by an 
intense blackness. Professors Reinold and Ricker have recently made 
the remarkable observation that the whole of the black region, soon 
after its formation, is of uniform thickness, the passage from the black 
to the colored portions being exceedingly abrupt. By two independ- 
ent methods they have determined the thickness of the black film to 
lie between seven and fourteen millionths of a millimetre ; so that the 
thinnest films correspond to about one seventieth of a wave-length of 
light. The importance of these results in regard to molecular theory 
is too obvious to be insisted upon. 


The beautiful inventions of the telephone and the phonograph, al- 
though in the main dependent upon principles long since established, 
have imparted a new interest to the study of acoustics. The former, 
apart from its uses in every-day life, has become in the hands of its 
inventor, Graham Bell, and of Hughes, an instrument of first-class sci- 
entific importance. The theory of its action is still in some respects 
obscure, as is shown by the comparative failure of the many attempts 
to improve it. In connection with some explanations that have been 
offered, we do well to remember that molecular changes in solid masses 
are inaudible in themselves, and can only be manifested to our ears 
by the generation of a to-and-fro motion of the external surface ex- 
tending over a sensible area. If the surface of a solid remains undis- 
turbed, our ears can tell us nothing of what goes on in the interior. 

In theoretical acoustics progress has been steadily maintained, and 
many phenomena, which were obscure twenty or thirty years ago, 
have since received adequate explanation. If some important practical 
questions remain unsolved, one reason is, that they have not yet been 
definitely stated. Almost everything in connection with the ordinary 
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use of our senses presents peculiar difficulties to scientific investiga- 
tion. Some kinds of information with regard to their surroundings are 
of such paramount importance to successive generations of living 
beings that they have learned to interpret indications which, from a 
physical point of view, are of the slenderest character. Every day 
we are in the habit of recognizing, without much difficulty, the quarter 
from which a sound proceeds, but by what steps we attain that end 
has not yet been satisfactorily explained. It has been proved that 
when preper precautions are taken we are unable to distinguish whether 
a pure tone (as from a vibrating tuning-fork held over a suitable reso- 
nator) comes to us from in front or from behind. This is what might 
have been expected from an @ priori point of view ; but what would 
have been expected is that with almost any other sort of sound, from 
a clap of the hands to the clearest vowel-sound, the discrimination is 
not only possible but easy and instinctive. In these cases it does not 
appear how the possession of two ears helps us, though there is some 
evidence that it does; and, even when sounds come to us from the 
right or left, the explanation of the ready discrimination which is then 
possible with pure tones is not so easy as might at first appear. We 
should be inclined to think that the sound was heard much more loudly 
with the ear that is turned toward than with the ear that is turned 
from it, and that in this way the direction was recognized. But, if 
we try the experiment, we find that, at any rate with notes near the 
middle of the musical scale, the difference of loudness is by no means 
so very great. The wave-lengths of such notes are long enough in 
relation to the dimensions of the head to forbid the formation of any- 
thing like a sound shadow in which the averted ear might be sheltered. 


In concluding this imperfect survey of recent progress in physics, I 
must warn you emphatically that much of great importance has been 
passed over altogether. I should have liked to speak to you of those 
far-reaching speculations, especially associated with the name of Max- 
well, in which light is regarded as a disturbance in an electro-magnetic 
medium. Indeed, at one time, I had thought of taking the scientific 
work of Maxwell as the principal theme of this address. But, like 
most men of genius, Maxwell delighted in questions too obscure and 
difficult for hasty treatment, and thus much of his work could hardly 
be considered upon such an occasion as the present. His biography 
has recently been published, and should be read by all who are inter- 
ested in science and in scientific men. His many-sided character, the 
quaintness of his humor, the penetration of his intellect, his simple but 
deep religious feeling, the affection between son and father, the devo- 
tion of husband and wife, all combine to form a rare and fascinating 
picture. To estimate rightly his influence upon the present state of 
science, we must regard not only the work that he executed himself, 
important as that was, but also the ideas and the spirit which he com- 
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municated to others. Speaking for myself as one who in a special 
sense entered into his labors, I should find it difficult to express ade. 
quately my feeling of obligation. The impress of his thoughts may 
be recognized in much of the best work of the present time. Aga 
teacher and examiner he was well acquainted with the almost univer. 
sal tendency of uninstructed minds to elevate phrases above things; 
to refer, for example, to the principle of the conservation of en 
for an explanation of the persistent rotation of a fly-wheel, almost ig 
the style of the doctor in “Le Malade Imaginaire,” who explains the 
fact that opium sends you to sleep by its soporific virtue. Maxwell’s 
endeavor was always to keep the facts in the foreground, and to his 
influence, in conjunction with that of Thomson and Helmholtz, ig 
largely due that elimination of unnecessary hypothesis which is one of 
the distinguishing characteristics of the science of the present day. 

In speaking unfavorably of superfluous hypothesis, let me not be 
misunderstood. Science is nothing without generalizations. Detached 
and ill-assorted facts are only raw material, and, in the absence of g 
theoretical solvent, have but little nutritive value. At the present 
time and in some departments, the accumulation of material is so rapid 
that there is danger of indigestion. By a fiction as remarkable as any 
to be found in law, what has once been published, even though it be 
in the Russian language, is usually spoken of as “known,” and it is 
often forgotten that the rediscovery in the library may be a more diffi- 
cult and uncertain process than the first discovery in the laboratory, 
In this matter we are greatly dependent upon annual reports and ab- 
stracts, issued principally in Germany, without which the search for 
the discoveries of a little-known author would be well-nigh hopeless, 
Much useful work has been done in this direction in connection with our 
Association. Such critical reports as those upon hydro-dynamics, upon 
tides, and upon spectroscopy, guide the investigator to the points most 
requiring attention, and in discussing past achievements contribute in 
no small degree to future progress. But, though good work has been 
done, much yet remains to do. 

If, as is sometimes supposed, science consisted in nothing but the 
laborious accumulation of facts, it would soon come to a stand-still, 
crushed, as it were, under its own weight. The suggestion of anew 
idea, or the detection of a law, supersedes much that had previously 
been a burden upon the memory, and by introducing order and coher 
ence facilitates the retention of the remainder in an available form. 
Those who are acquainted with the writings of the older electricians 
will understand my meaning when I instance the discovery of Ohm’s 
law as a step by which the science was rendered easier to understand 
and to remember. Two processes are thus at work side by side, the 
reception of new material and the digestion and assimilation of the 
old ; and, as both are essential, we may spare ourselves the discussion 


of their relative ‘importance. One remark, however, should be made, ~ 
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The work which deserves, but I am afraid does not always receive, 
the most credit is that in which discovery and explanation go hand in 
hand, in which not only are new facts presented, but their relation to 
old ones is pointed out. , 

In making one’s self acquainted with what has been done in any sub- 
ject, it is good policy to consult first the writers of highest general 
reputation. Although in scientific matters we should aim at independ- 
ent judgment, and not rely too much upon authority, it remains true 
that a good deal must often be taken upon trust. Occasionally an 
observation is so simple and easily repeated that it scarcely matters 
from whom it proceeds ; but as a rule it can hardly carry full weight 
when put forward by a novice whose care and judgment there has been 
opportunity of testing, and whose irresponsibility may tempt him to 
“take shots,” as it is called. Those who have had experience in accu- 
rate work know how easy it would be to save time and trouble by 
omitting precautions and passing over discrepancies, and yet, even 
without dishonest intention, to convey the impression of conscientious 
attention to details. Although the most careful and experienced can 
not hope to escape occasional mistakes, the effective value of this kind 
of work depends much upon the reputation of the individual respon- 
sible for it. 

In estimating the present position and prospects of experimental 
science, there is good ground for encouragement. The multiplication 
of laboratories gives to the younger generation opportunities such as 
have never existed before, and which excite the envy of those who 
have had to learn in middle life much that now forms part of an 
undergraduate course. As to the management of such institutions 
there is room for a healthy difference of opinion. For many kinds of 
original work, especially in connection with accurate measurement, 
there is need of expensive apparatus ; and it is often difficult to per- 
suade a student to do his best with imperfect appliances when he 
knows that by other means a better result could be attained with 
greater facility. Nevertheless, it seems to me important to discourage 
too great reliance upon the instrument-maker. Much of the best 
original work has been done with the homeliest appliances; and the 
endeavor to turn to the best account the means that may be at hand 
develops ingenuity and resource more than the most elaborate deter- 
minations with ready-made instruments. There is danger otherwise 
that the experimental education of a plodding student should be too 
mechanical and artificial, so that he is puzzled by small changes of 
apparatus much as many school-boys are puzzled by a transposition of 
the letters in a diagram of Euclid. 

From the general spread of a more scientific education, we are war- 
ranted in expecting important results. Just as there are some brilliant 
literary men with an inability, or at least a distaste practically amount- 
ing to inability, for scientific ideas, so there are_a few with scientific 
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tastes whose imaginations are never touched by merely literary styg. 
ies. To save these from intellectual stagnation during several hai, 
portant years of their lives is something gained ; but the thorough. 
going advocates of scientific education aim at much more. To them 
it appears strange, and almost monstrous, that the dead lan 
should hold the place they do in general education ; and it can hardly 
be denied that their supremacy is the result of routine rather than of 
argument. I do not, myself, take up the extreme position. I doubt 
whether an exclusively scientific training would be satisfactory ; ang 
where there are plenty of time and a literary aptitude I can believe that 
Latin and Greek may make a good foundation. But it is useless to 
discuss the question upon the supposition that the majority of boys 
attain either to a knowledge of the languages or to an appreciation of 
the writings of the ancient authors. The contrary is notoriously the 
truth ; and the defenders of the existing system usually take their 
stand upon the excellence of its discipline. From this point of view 
there is something to be said. The laziest boy must exert himself a 
little in puzzling out a sentence with grammar and dictionary, while 
instruction and supervision are easy to organize and not too costly, 
But, when the case is stated plainly, few will agree that we can afford 
so entirely to disregard results. In after-life the intellectual energies 
are usually engrossed with business, and no further opportunity is 
found for attacking the difficulties which block the gateways of knowl- 
edge. Mathematics, especially, if not learned young, are likely to 
remain unlearned. I will not further insist upon the educational im- 
portance cf mathematics and science, because with respect to them I 
shall probably be supposed to be prejudiced. But of modern lan- 
guages I am ignorant enough to give value to my advocacy. I believe 
that French and German, if properly taught, which I admit they 
rarely are at present, would go far to replace Latin and Greek froma 
disciplinary point of view, while the actual value of the acquisition 
would, in the majority of cases, be incomparably greater. In half the 
time usually devoted, without success, to the classical languages, most 
boys could acquire a really serviceable knowledge of French and Ger- 
man. History and the serious study of English literature, now shame- 
fully neglected, would also find a place in such a scheme. 

There is one objection often felt to a modernized education, as to 
which a word may not be without use. Many excellent people are 
afraid of science as tending toward materialism. That such appre- 
hension should exist is not surprising, for unfortunately there are 
writers, speaking in the name of science, who have set themselves to 
foster it. It is true that among scientific men, as in other classes, 
crude views are to be met with as to the deeper things of Nature ; but 
that the life-long beliefs of Newton, of Faraday, and of Maxwell, are 
inconsistent with the scientific habit of mind, is surely a proposition 
which I need not pause to refute. It would be easy, however, to lay 
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too much stress upon the opinions of even such distinguished workers 
as these. Men who devote their lives to investigation cultivate a 
love of truth for its own sake, and endeavor instinctively to clear up, 
and not, as is too often the object in business and politics, to obscure 
a difficult question. So far the opinion of a scientific worker may 
have a special value ; but I do not think that he has a claim, superior 
to that of other educated men, to assume the attitude of a prophet. 
In his heart he knows that underneath the theories that he constructs 
there lie contradictions which he can not reconcile. The higher mys- 
teries of being, if penetrable at all by human intellect, require other 
weapons than those of calculation and experiment. 

Without encroaching upon grounds appertaining to the theologian 
and the philosopher, the domain of natural science is surely broad 
enough to satisfy the wildest ambition of its devotees. In other de- 

artments of human life and interest, true progress is rather an ar- 
ticle of faith than a rational belief ; but in science a retrograde move- 
ment is, from the nature of the case, almost impossible. Increasing 
knowledge brings with it increasing power, and, great as are the tri- 


umphs of the present century, we may well believe that they are but: 


a foretaste of what discovery and invention have yet in store for man- 
kind. Encouraged by the thought that our labors can not be thrown 
away, let us redouble our efforts in the noble struggle. In the Old 
World and in the New, recruits must be enlisted to fill the place of 
those whose work is done. Happy should I be if, through this visit 


- of the Association, or by any words of mine, a larger measure of the 


youthful activity of the West could be drawn into this service. The 
work may be hard, and the discipline severe ; but the interest never 
fails, and great is the privilege of achievement. 





MAN’S RIGHT OVER ANIMALS. 
By CHARLES RICHET. 


fem is no such impassable gap between man and the animals 
that they can not be considered brothers in creation, and there- 
fore liable to certain reciprocal obligations. As it is our duty to be 
just and sympathetic toward men, it is equally our duty not to be 
wicked or cruel toward animals. Whoever believes that he has a 
right to cause death or suffering to innocent beasts for his own pleas- 
ure is unworthy to be called a man. This precept is, however, 
limited by the consideration of what is useful to us. A dangerous or 
noxious animal may be destroyed/ without pity ; for, whatever may 
be our duties toward the animal, duties toward man are greater. 
Thus, no one would think of having any mercy on the phylloxera, the 
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pest of the grape-vine, but all would consider it a pious duty to 
destroy that baleful insect ; and it is right to use every effort to hunt 
out the tigers and serpents of India. All the world is of one mind on 
these points. 

Besides these maleficent animals there are useful ones, which 
serve us food, or on which we call for daily help. It would be 
absurd to prevent horses from drawing carriages, or oxen from being 
yoked to plows. The suppression of animal food, which is almost 
necessary to our existence, is not a subject for serious consideration, 
But if man has the right to slay an animal to live upon its flesh, it 
does not follow that he has the right to make it suffer before killing 
it. Legitimate as it may seem to kill a sheep to make food of it, it 
would be cruel to take the animal and expose him to torture for the 
vain pleasure of watching his contortions and observing his pain. It 
is, however, this very pain and just such contortions that physicists 
who make vivisections study with curiosity ; and this leads us to the 
consideration of the question, Has man the right to make living beings 
suffer for purposes of utility or information ? 

We remark, first, that if vivisection is to be proscribed, it will be 
impossible to draw the line at any animal. If morality prohibits us 
from experimenting on the dog, we must, by the same rule, respect 
the cat, the rabbit, the fowl, the turtle, and the frog. If we prohibit 
the use of the frog, how can we permit the use of the snail, the oyster, 
and the medusa? In a little while we come to those beings the animal 
nature of which is in dispute. If we are forbiden to send an elec- 
tric current through the body of a medusa, I do not see what right 
we have to electrify bacteria. Finally, it might be made to appear a 
culpable act to put an axe into an oak, or to electrify a sensitive-plant, 
since in either case we disorganize a living being, and possibly produce 
suffering. Thus easily is the reasoning of the anti-vivisectionists re- 
duced to absurdity. 

The anti-vivisectionists, however, direct their opposition against 
the infliction of pain ; and that, they say, is acute in proportion as the 
animal is intelligent. The animals nearest in order to man are the 
ones which it is most important to spare from suffering, and there are 
gradations in the wrong. It is very wrong to make a dog suffer, but 
the matter is less a crinie when it comes toarabbit. A frog anda 
crawfish are entitled to still less compassion, and, in the case of the 
medusex, bacteria, and plants, whose sensibility is less developed, the 
act is only half reprehensible. This argument yields the point that 
we have aright to experiment upon animals which do not feel suf- 
fering, or only feel it alittle. Let us leave out the question of the 
inferior animals, and go straight to the strongest argument that can be 
brought forward, that which turns upon the martyrdom of the dog. 
Let us take the question, as they say, by the horns, and see if the 
physiologists have the right to make a dog suffer. 
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I love dogs for themselves ; I have as much compassion as any one 
can have for them when they are suffering ; I know by experience 
that their friendship is a precious resource in solitude ; but, however, 
much I may feel for dogs, I should never hesitate to sacrifice the dear- 
est pet among them all for the existence of a human being, even were 
the man unknown to me, or the lowest of savages. Hesitation as be- 
tween a dog and a man is not permissible. We owe aid and love to 
the beings who are nearest to us, in the degree that they are nearer, 
to a Frenchman more than to a Chinese, to a man more than to an 
anmal. We are all of the great human family, to all the individuals 
of which we owe justice and assistance, while we owe to animals 
pity and protection only when they involve no harm to our human 
brethren. 

| The principal object of science, and particularly of physiological 
\ science, is to be useful to men. Knowledge of the laws of Nature 
alone can help us to assuage the miseries of our existence. Every 
step of progress in our knowledge leads in the end to a forward step 
in our career. Even though we may not immediately comprehend the 
practical utility of a particular discovery, it will eventually bear a sure 
fruit. The innumerable and mysterious facts of the medium in which 
we live are subject to fixed laws that are only imperfectly known. All 
our efforts should tend to elucidate these laws; and science—that is, 
the investigation of the grand laws of Nature—seems to be one of 
the principal functions of human energy. A very high value should, 
therefore, be set upon everything that aids the progress of science. 

It is an erroneous view of science to expect that it shall at once give 
a result useful, palpable, and precise, or an instantaneous practical 
application. Science has nothing to do with utility ; or, rather, the 
true utilitarians are those whose hopes are in future science. They are 
forced to respect the science of to-day, even when it appears useless, 
because it is bringing us nearer to the science of to-morrow, which 
alone can effect some great alleviation to human suffering. 

Who could have conceived, when Galvani announced that, on touch- 
ing the foot of a frog with copper and zinc, he provoked contractions 
of its muscles, that this little fact would lead, by a remarkable series 
of discoveries, to the invention of the galvanic battery, electric teleg- 
raphy, and dynamic electricity ? If Galvani had not observed the feet 
of frogs, the electric telegraph would never have existed, nor the elec- 
tric light, nor any of those marvelous machines which constitute one 
of the greatest series of forces man now has at his disposal. Yet, at 
the moment Galvani was making his discovery, would we not, at least 
apparently, have had a right to condemn his sterile and bloody experi- 
ments? What benefit could men gain from a massacre of frogs strung 
along a balcony-rail ? 

Every new discovery, nateinieh trivial it may seem at first, is big 
with discoveries to come. One truth is the germ of innumerable 
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others. Thus we have no right to restrict the domain of science, and, 
for the sake of saving some unfortunate being a few passing suffer. 
ings, to smother in its cradle all the hope of the future. 

The science of life—that is, physiology—can not progress without 
vivisection. To interdict this practice would be to slay that study, 
The anatomical examination of the organs teaches us nothing, or 
hardly anything, respecting their functions. How could we under. 
stand the circulation of the blood, if our only resource was the ana- 
tomical study of the heart, arteries, and veins? What idea would a 
description of the brain give of the functions of the brain? We might 
see the strange forms and complicated structure of the cerebral ap- 
paratus ; but the examination of these forms would be of no help 
toward gaining an acquaintance with their offices. The work of 
physiology is founded entirely on experiment, and the required experi- 
ments can be made only upon living beings. Sometimes these beings 
are plants, but this is only a part of physiology. Animal physiology 
requires animals. The observation of dead bodies is not useful in 
teaching the laws of life. Suppose a skillful artisan, to whom we give 
a watch to examine. In vain will he look through his lens at the 
springs, the wheels, the cogs, the jewels, and the whole machinery, so 
long as the watch is not wound up ; for he can not find out from this 
whether it will go or how it goes. To learn the movement of a watch, 


‘it must be seen in motion. The same rule is in force for the physi- 
‘ ologist. A dead organ tells him nothing ; he must see it living. 


There are, then, but two alternatives—either to stop physiology in 
its progressive course, to shut our books, and give up the study of the 
vital functions, or to continue the practice of experimental researches 
and vivisections, as Galen, Harvey, Haller, Magendie, and Claude Ber- 
nard did. If we think physiology is not a science, or imagine it is 
useless to man, all right. Let us be contented to observe the stars, 
and resign ourselves to ignorance of the conditions of our existence. 
But if we want to sound the mysteries of life, to penetrate to the 
causes and mechanism of the forces that rule us, then we should con- 
tinue our efforts without allowing ourselves to be discouraged by un- 
just attacks. We may be sure of an abundant harvest ; and every 
day, at the price of a few rabbits, frogs, or dogs, will give us some 
important discovery. Thus, even if physiology (with which we in- 
clude vivisection, for they are one) does not immediately give prac- 
tical contributions to the relief of the human race, it is nevertheless a 
good thing, for the immediate result of a discovery is often nothing, 
while the discovery may perhaps bring about wonderful consequences 
in the future. 

The favorite argument of the enemies of vivisection is, that physi- 
ology is of no use in medicine. “ Never,” they say, “has a vivisec- 
tion or a physiological discovery gained by experiment been of any 
aid to-therapeutics. Chance, not physiology, has made us acquainted 
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with the medical properties of cinchona, mercury, opium, and chloro- 
form. The great physiological discoveries, though interesting as curi- 
osities, have not been for our good. What has come from the knowl- 
edge of the circulation of the blood? Are we any more able to cure 
‘affections of the spinal marrow because we know now, what we did 
not know a hundred years ago, that there are motor cords and sensi- 
" tive cords in it ? if mortality is less now than formerly, it is not in 
consequence of the progress of medicine, but of general hygiene. 
Now, as much as three hundred years ago, doctors are impotent to 
cure diseases, and all the improvements in modern medicine are due 
to the attentive observation of the sick, not to experiments on ani- 
mals.” This reasoning finds credit with the ignorant, for it artfully 
mingles a little truth with much error. The physician is, alas! too 
often powerless to contend against the ills that are raging around us. 
But, really, we can not expect physiology to cure incurable diseases 
and make men immortal ; its mission is to discover the truth, and it is 
for the physician to apply the lessons of the new truth to the treat- 
ment of diseases. Who can say seriously that modern medicine, en- 
lightened by the great physiological discoveries of this and former 
centuries, is not superior to the medicine of the middle ages? The 
circulation of the blood was discovered by vivisection. Can we form 
a practical conception of a doctor who does not believe in the circula- 
tion of the blood? Is there a man among the members of the Society 
for the Protection of Animals that would commit himself to the care of 
such a doctor? To be consistent, they should banish from therapeu- 
tics all of it that is the result of experiment, and accept only that 
which is due to chance or empiricism ; there would be very little left ! 
We should not have galvanic electricity, for all our knowledge of this 
is due to the experiments of vivisectors. We should possess, in the 
way of medicines, only a few simples, and should have to employ them 
empirically, without being permitted to obtain a clear idea of their 
dangers or their advantages. We should not have chloral, or injec- 
tions of morphine, or bromide of potassium. We should be reduced 
to prescribe decoctions of cinchona, or that old theriac compounded of 
nearly two hundred plants of different properties. 
It may be that the number of those whom modern medicine, rely- 
ing upon experiment, has cured, is not large ; but certainly the num- 
ber whom it has relieved is immense. If it can not cure disease, it can 
at least prevent pain. Why, then, should so much account be taken 

' *of a few pains of animals in the face of the thousands of men we have 
saved from suffering? We should not be indignant that a dog may 
be sacrificed every day in the thirty physiological laboratories that are 
scattered over the whole world ; for the thirty dogs that suffer bear 
no sort of proportion to the thousands of cases of pain through the 
whole civilized world which medicine abbreviates or diminishes in a 
single day. If the sick thus relieved could give their testimony and 
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_ knew how to do it, they would confound the sentimental objections 


of the anti-vivisectionists, and would declare that their own sufferings 
deserve a higher consideration than the sufferings of a few animals, 

The physiologist in his experiments is inspired by a humane senti- 
ment—by love, not only for the present, but for future generations ag 
well, of mankind, for his purpose is to discover some of the truths that 
may contribute to the relief of man. The immediate consequence, the 
practical end, may often escape him, but he is not concerned with them ; 
for he long ago in his own mind identified science with the love of 
man. He has acquired a conviction that science and the love of his 
fellows are the same thing, and that every scientific conquest is a step 
in the way of social progress. I do not believe that any experimenter 
would say, on giving curare to a rabbit, or in cutting the marrow of a 
dog, or in poisoning a frog, “This experiment is destined to help cure 
or relieve some man’s disease.” He would not think of that, but would 
say, “I am going to dissipate an obscurity, to seek out a new fact”; 
and this scientific curiosity, the only thought that animates him, can 
be explained in no other way than as a consequence of the exalted 
ideal he has conceived of science. 

This is why we pass our days in nauseous dissecting-rooms, sur- 
rounded by groaning beings, in the midst of blood and suffering, 
bent over palpitating viscera. We love science for itself, for the 
grand results it is destined to give, and we surrender ourselves with 
passion to the disinterested investigation of the truth that is hidden 
in things, convinced that this truth will in time become the salvation 
and hope of our brethren. 

No parity can be established between the results obtained and the 
price they cost. A few sufferings of animals while so many other ani- 
mals are suffering are as nothing in comparison with the results of a 
scientific discovery. Must we, when a great result is to be secured, 
charge up an account of the suffering or the death of a small number 
of individuals? We may suppose, for instance, that the magnificent 
work of constructing the canal across the Isthmus of Panama will cost, 
in consequence of the necessity of extensive labors in an unhealthy 
country, the lives of several hundred or even of a few thousand coolies. 
Must we, then, give up making the canal? By it we would shorten 
the route of many thousand ships. Most certainly the facility given 
to commerce, the greater wealth and prosperity that will be conferred 
on all mankind, will compensate for the death and sickness of these 
poor, obscure laborers. It is the same in war. If a general in the 
course of a battle believes it necessary to carry a redoubt, he will not 
hesitate to give the signal for the assault, even if he knows that the 
struggle will cost the lives of a thousand men. He will sacrifice a few 
squads, for the safety of the whole army, without any hesitation. By 
the same rule, a people has a right to make war in defense of its inde- 
pendence, although every war is accompanied by thousands of deaths 
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and woes. The case is controlled by the consideration of a superior 
interest. ‘The freedom of a people is at stake, and the interests of a 
whole people at times exact the sacrifice of a few citizens. 

The struggle of the scientific investigator against natural forces in 
some degree resembles the struggle of a people for its liberty. Mate- 
rial laws bind us on all sides, and to secure deliverance from them it 
is necessary to become acquainted with them. It is our liberty as 
against the things it is necessary to conquer ; and it is not a dear bar- 
gain to buy this at the price of a few dogs and a few skinned frogs. 

The sentimental spirits who are so much interested in the lot. of 
our victims seem to believe that there is no more important occu- 
pation for them. We must undeceive them. There are more pains 
than joys among the men on this little terrestrial globe. Instead of 
busying themselves to prevent the researches which are being pri- 
vately carried on in a few laboratories, let these charitable people 
make an effort to put down the slave-trade, of which negroes are the 
victims by thousands. Or let them endeavor to relieve the misery 
which prevails everywhere from Greenland to the land of the Hotten- 
tots. Let them try to suppress the terrible scourge of war, which has 
made a hundred thousand times more human victims than all the 
frogs, rabbits, and dogs that have been sacrificed by all the physiolo- 
gists in the world. There is a task worthy of their activity. 

We are apt, when we speak of pains and martyrdom, to exaggerate 
the sufferings of animals. ‘There is no pain unless there is conscious- 
ness and attention to the pain. The more intelligent a being is, the 
more it can suffer. Unintelligent animals are incapable of feeling in 
its fullness the sensation we call pain. We can not form an idea of 
what a frog feels when we cut one of its nerves ; probably we never 
shall know what it feels ; but it appears to me that the pain it feels 
then is very vague and very confused. Compared to man, whose intel- 
ligence is so clear, the inferior animals are like automatons : most of 
their acts are half involuntary. They are not deliberate acts, maturely 
reflected out, but irresistible impulsions of which the actors have im- 
perfect consciousness. These animals live in a kind of dream or half 
consciousness that excludes terrible pain. Their nerves are less excit- 
able, and their brain is less susceptible of that clear perception of self 
without which pain can hardly be. 

It is not without reason that we feel little remorse in martyrizing 
an animal of low degree in the series of beings. As we descend from 
man to the plant, intelligence diminishes, consciousness becomes more 
and more confused, and therefore the sensibility to pain is more and 
more obtuse. This is only a personal opinion, and it would be impos- 
sible to give a rigorous proof of it ; but every day’s observation seems 
to confirm its reality. 

No one has a right to believe that a physiologist takes any pleasure 
in making animals suffer. For my part, I always feel a painful sensa- 
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tion whenever it is necessary to fix a dog to the experimenting-table, 
All physiologists, whenever it is possible, try to anesthetize their vic. 
tim with chloral, morphine, chloroform, or ether. When the anestheti- 
zation is completed, the animal does not suffer, and all the experiments 
afterward made upon it are without cruelty. It is very rarely neces. 
sary to experiment upon an animal that has not been treated with an 
anesthetic ; and even in these cases it is possible, by various pro- 
cesses, to make the pain much less acute. I always endeavor to ame- 
liorate the pains of the animals I subject to experiments. Yes, I have 
caused rabbits, frogs, and dogs to suffer ; but I believe that never, 
since I reached a man’s age, have I taken pleasure in inflicting suffer- 
ing upon a living being. For every animal, even the lowest, I feel 
something analogous to pity and sympathy ; and I have a right to say 
this, for there is no contradiction between such sympathy and physio- 
logical experiment.* 

Instead of developing cruelty, the practice of physiology should 
rather tend to incréase in us the feeling of humanity and pity. The 
physician who has closely observed human suffering, instead of being 
hardened to it, becomes more compassionate. So the physiologists, 
who are acquainted with pain, are full of pity for suffering beings, 
and I do not hesitate to say that not one of them would be guilty of 
brutality toward an animal. It is true that they immolate dogs and 
rabbits, but that is for a superior interest ; and in their very experi- 
ments they prove their clemency by trying to save their victims from 
useless sufferings. . 

In truth, if we divest ourselves of all vain sentimentality, we shall 
arrive at the conclusion that innumerable and extreme sufferings are 
already imposed by Nature upon living beings. Over the whole sur- 
face of the earth, in Borneo as in France, in the Sahara as in Lapland, 
men and animals are suffering. In the depths of all the seas, in the 
currents of all the rivers, on all the shores of all the oceans, in all the 
forests, and in all the plains, suffering and pain exist. Our object is 
to bring in some mitigation for all these evils, and it can not be ac- 
complished except by the aid of science, through becoming acquainted 
with the laws of life. What then, compared to such a grand result, 
are the confused groans of the unfortunate dog’ we immolate from 
time to time? Indeed, we have a right to sacrifice these rare and inno- 
cent victims, for at as small a price as that we can become masters of 
living nature, and may be able to penetrate the laws of life, and to 
relieve the unfortunate of our kind.— Zranslated for the Popular Sci- 
ence Monthly from the Revue des Deux Mondes. 


* It is with great reluctance that we perform vivisections in public lectures for in- 
struction. When the question is one of scientific research, the act must be performed 
resolutely and without regard to the pain; but, whenever the purpose is to demonstrate 
before any audience a known phenomenon, the greatest reserve should be exercised in 
the employment of means that are cruel. 
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FETICHISM OF THE BANTU NEGROES. 
Br MAX BUCHNER. 


HE African negroes, like all primitive peoples, are great children. 
Too much should, therefore, not be made of their mental acts. 
That wonderful system of mystic conceptions which closet theologians 
believe they can discover among them can not stand the test of serious, 
unprejudiced examination. More time and sharper acumen than many 
writers on the subject possess are needed for the formation of a valid 
idea of the religious conceptions of these people. A five-year-old girl 
playing with her doll is a better medium for studying primitive my- 
thologies than the heaviest volumes of anthropologists and ethnogra- 
hists. 
: I believe that much that is said about fetich-worship rests on no 
solid foundation ; neither a kind of worship norsany serious service is 
addressed to the harmless toy we call a fetich, but only a mysterious 
good or evil spirit is fancied to dwell within it. 

A negro, as is his habit, is sitting and thinking about nothing. 
Casually he casts his eye upon a knotted limb of strange growth that 
may bear some indistinct resemblance to a human face. Amused at 
it, he takes his knife and makes an effort to help out Nature by scratch- 
ing the nose, mouth, and eyes into plainer prominence. At last the 
thing appears so curious that he concludes he will take it home and set 
it up before his hut. It becomes his “fetich,” and grins to-day pleas- 
antly, to-morrow with a cross air, at him. To heighten the effect, he 
paints it red around the eyes, or adorns it with bright ornaments. In 
some such way as this, I believe, we may explain the origin of the first 
images of the gods, new illustrations of which we may still observe to 
be brought before us from time to time. I do not regard the process 
as a religious one, but rather as an instance of the development of the 
first idea of art. 

It is not, however, the pleasure of contemplating new forms that 
secures their preservation and the attention that is afterward given 
them. In the feeling of the need of some protection against evil the 
objects become associated with the events that happen to their owner, 
and endowed with a power to influence their course. Then they are 
copied, and a fixed type is established ; but the utilization of them for 
religious purposes is, in my opinion, a secondary matter. Instead of 
fetiches or idols, such objects might be called amulets or medicines. 
In the course of time great numbers of religious medicinal structures 
have been formed, all of them originating in some such way as we 
have outlined, representatives of which may be found everywhere, 
most curious figures, in the towns, in the fields, at the cross-roads, and 
in the most out-of-the way and lonesome places. If we ask what they 
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are for, we shall generally receive some indefinite answer. They may 
be “for a dead man,” “to kill witches,” “ battle-charms,” or “to keep 
thieves away.” Intelligent negroes will sometimes laugh in making 
such communications, as if they were ashamed at being caught indulg. 
ing in silly conceits, 

Without going into an elaborate account of African fetiches, it 
will be enough for our purpose to give a few examples that may illus- 
trate the way some of them have been developed and the purposes to 
which they are applied. The first figure represents a specimen of the 
most primitive character that may be very readily imagined to have 
originated in the way we have indicated. Between two vine-stocks 
that have been intertwined in double spirals around slender stems is 





standing, firmly set in the ground, a knotty stump that has been helped 
out into the caricature of a face. I found the original of this ina 
Luba village. Of a similar grade is Fig. 2, a round mass from a ter- 
mite’s nest, about twice the size of a man’s head, the porous fungoid 
substance of which has been set off with carved suggestions of mouth, 
nose, and eyes. This is a very common ornament of the corners of the 
manioc-fields. A fetich of a more complicated character is shown in 
Fig. 3—a little straw hut, about twenty inches high, shaped so as to 
suggest some fabulous beast. The original, which belonged to an 
Ovambo village, looked more formidable than the picture. Some dirt 
was heaped up under the middle of the tent, in which snail-shells, 
bones, and roots were found when it 
was stirred with a stick, and which 
was probably designed to represent 
the entrails of the creature. I could 
<- not get any explanation of the design 
: i represented in Fig. 4. We found it 
one day in a wood in Minungo-land 
—a cross-road large enough for a ten- 
pin alley, beginning near the regular path, with a kind of a gallows 
of slender sticks, and ending at a miniature hut about a yard high. 
Nothing was found in the hut besides an empty pot ; but two inter- 
linked straw rings were hanging from the cross-beam of the gallows. 
When I asked my interpreter Pedro what it was for, he replied that it 
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was to catch men. I did not press him with any more questions, for I 

knew he would answer me with the first lie he could think of. 
Numerous grave-marks are characteristic of all the roads and paths 

of Angola ; they are, according to the degree of civilization and the 





social importance of the deceased, either large earthern catafalques 
with towers at the corners, such as are erected by the Africo-Portu- 
guese, simple long mounds of the form everywhere used, or a little 
stone-heap. Graves of the first two classes are generally sheltered by 
a hut or roof. Graves of the last kind, which are very often the 
graves of porters that have died on the road, are frequently found 
fresh and adorned with the staff, the belt, the provision-bag, the water- 
gourd, or the cooking-pot of the dead man. The best finished cata- 
falques of earth are whitewashed and painted with pretty colored 
arabesques and flowers. Vessels in which food has been brought to 
the deceased at various times may be found scattered around the 
grave, together with burned clay figures of the most curious character. 

Sometimes the graves contain nothing but the hair and nails of the 
persons to whom they are erected ; for the man may have died on a 
journey, and have been buried among strangers. But, in order that a 
place may be provided near his home where his spirit may linger, and 
enjoy the food and drink that are regularly brought to it, one of his 
friends will cut off some of his hair and nails, and present them to the 
family to be formally buried as a symbol of the whole body, which it 
is not convenient to remove. The little relics are then mourned over 
and buried just as if they were the body itself, which is, however, 
moldering far away. Such a monument was the pile of wood which 
I found near. Malansh, a copy of my drawing of which is given in Fig. 
5. It may, however, be a hunter’s medicine, for that was one among 
the explanations that were given me of its purpose. Four rough- 
hewed tree-trunks served as posts to hold up the structure of logs and 
limbs and straw. In front of the structure was a carved idol, on both 
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sides of which stood limbs of trees garnished with skulls and ante. 
lopes’ jaws, while near the idol lay a pot containing pieces of meat in 
a brown sauce. The corner posts and the idol were painted with 
white and red spots. 

Besides these fixed amulets are also to be reckoned in the category 
of art-works smaller toys that are worn as ornaments. Among these 
are some kinds to which superstition has attributed particular powers, 
made of antelope-horn, snail-shells, and small turtle-shells, the hollow 
parts of which are filled with a magic salve, made of coal-dust and 

palm-oil. One of the 
most potent amulets is 
the pemba, a fine, white 
clay resembling kaolin, 
which is brought from 
some distance, and 
forms an article of 
trade. It is used much 
_in the same manner as 
the holy water of the 
Roman Catholics, and 
- the expression “ pem- 
ba” has a similar signifi- 
cance with our “ good- 
luck” or “blessing.” The term to “give pemba” is used to designate 
the application of the moistened substance to the arm or the breast. 
Feeble or sickly persons or beggars, who wish to accomplish an object 
with a higher personage, besmear their whole faces with it. A master, 
hunting his runaway slaves, paints with it a white ring around his right 
eye, in the belief that he will thereby be able to see more sharply. 

Although the negroes possess no real writing, they seem to have 
the beginning of it in the shape of tally-sticks and proprietary marks. 
Creditors and debtors are accustomed to note the number of objects 
of value, pieces of cloth, etc., on sticks ; and traveling merchants and 
porters perpetuate the number of their night-camps on their walking- 
canes, on which important events are also emphasized by larger or dif- 
ferently shaped marks. If a gourd of unusual size or beauty is grow- 
ing anywhere, the owner of it cuts a peculiar mark on it, by the aid 
of the mysterious influence attached to which he is able to keep it as 
his own. Some of the best designed proprietary marks we observed 
are represented in Fig. 6. 

The musical capacity of the negroes is higher than their aptitude 
for imitative art. The most complicated trumpet-signals can not be 
given more clearly and correctly than is done by the black soldiery of 
Angola. The melodies of these Africans are very touching and reso- 
nant. The aptiphone of a large file of porters going out in the 
morhing was a real treat to my otherwise little appreciative ears. It 
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usually began with a lively recitative by the best-voiced man of the 
company, with which the others fell in in harmonious refrain. The 
simple, endlessly repeated text was constantly taken up anew, and 
related to a fact not very interesting in itself: “We are carrying 
Souza’s goods to Kulamushita, cloth, pearls, powder, 
and brass wire ; Souza is rich, Souza will give us good 
schnapps.” Refrain: “Yes, Souza will give us good 


the airs that are sung of evenings over, the camp-fires 
are of the same improvised character. 

Besides his voice, the negro makes music with what- 
ever will make a noise—two sticks, old fruit-cans, iron 
articles, or stones. He also has a number of musical 
instruments that are not to be despised, the best of 
which, the maximba, would not be unworthy to be 
called a clavier. 

Besides music and songs, the evening circles are 
enlivened with stories of adventure and occasional ani- 
mal fables, which.I am not able to recall. One story, 
which was told me by a mulatto woman in Malansh, 
was evidently an adaptation of a Portuguese nurse’s 
story. In these tales the interposition of an interval 
between two events is expressed in a very curious man- 
ner, as, “ And now he waited a month, r-r-r-r-r... 
and he waited another month, r-r-r-r-r,” each trilling 
with the tongue, which generally lasted about half a 
minute, answering for the designated interval. 

There is not much to be said about the scientific 
conceptions of the negroes. Most of our clews to their 
character are derived from their verbal expressions. 
Among the heavenly bodies they distinguish the sun 
and moon, the larger planets, and the fixed stars, the 
latter only in general, without taking consideration of 
individual stars or particular groups. The larger plan- 
ets are called wives of the moon, whence it proceeds 


that chaste Luna is regarded asa man. Little use is ¢ 
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made of the rising and setting of the sun to express di- 
rection, which is usually described as “ up” or “down,” 
according to the course of the streams. a 

Of minerals, the natives distinguish between stone 
and earth, and the latter as dry (sand) and moist (mud). 
Of earths, they speak of red earth, or laterite, and white or gray earth, 
alluvium. Bog-iron ore, which is abundant, is “the great stone.” Among 
the metals, copper is known ; and the word signifying copper is in some 
of the dialects applied to the moon. Their vocabulary is rich in names 
of animals and plants. Not one of the plants growing in the plains is 
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without its name, but the flora of the ravines is less well provided for, 
Separate class-names are, however, given to the broad-leaved ever. 
green vegetation of the ravines and the vegetation of the plains, as q 
whole. Swamps are called “bad brooks.” Carnivorous animals, the 
lion, the leopard, and the hyena, and night-birds, are regarded as evil 
spirits or magicians. In the. stories, the lion is always spoken of as 
“Mr. Lion.” Three color-names are known, to distinguish between 
white or light colors, blue or dark ones, and red, green being consid- 
ered a variety of red. Notwithstanding this poverty of names, their 
conceptions of colors appear to be as diversified and distinct as those 
of other men. They have no words for sweet and sour, but whatever 
tastes to suit them is “piquant.” They are very ingenious in the 
invention of nicknames and descriptive terms, which have generally 
some direct reference to peculiarities in the appearance, history, or 
character of the persons to whom they are applied. Some of the in- 
stances of their coinages in this category, which I met in my travels, 
were comical.—TZranslated for the Popular Science Monthly from 
Das Ausland. 
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FURTHER REMARKS ON THE GREEK QUESTION. 


By JOSIAH PARSONS COOKE. 


tie a former article published in this “Monthly ”* I endeavored to 
make prominent the essential difference between a system of edu- 
cation based on scientific culture and the generally prevailing system 
which is based on linguistic training. I maintained that there is not 
only a difference of subject-matter, but a difference of method, a differ- 
ence of spirit, and a difference of aim ; and I argued that, as the condi- 
tions of success under the two modes of culture are so unlike, there 
was no danger, even with the amplest freedom, that the study of the 
physical sciences would supplant or seriously interfere with linguistic 
studies. But, although the drift of my argument was plain, the pas- 
sage referred to has been quoted in order to show that not only Greek, 
but also all linguistic study, would be neglected by the students of 
natural science as soen as it ceased to be useful in their profession ; 
and my attempt to point out a basis of agreement and co-operation 
has been made the occasion of reiterating the extreme doctrine that 
there can be no liberal education not based on the study of language. 
It has been thus assumed that scientific culture can not supply such a 
basis, and in this whole discussion the value of the study of Nature in 
education, except in so far as this study may yield a fund of useful 
knowledge, has been entirely ignored by the advocates of the old sys- 
tem. Not only has there been no recognition of the value of the study 


* November, 1883. 
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of material forms and physical phenomena as a mode of liberal cult- 
ure, but it has been assumed throughout that—to use the now familiar 
form of words—“ no sense for conduct ” and “no sense for beauty” 
can be acquired except through that special type of linguistic training 
that has so long limited elementary education. Those who demand a 
place for science-culture certainly have not shown the same contemptu- 
ous spirit ; and I venture to suggest that, if classical students were as 
familiar with the methods of natural science as are the students of Na- 
ture with philological and archeological study, they would be more 
charitable to those who differ with them on this subject. 

There are, of course, two distinct elements in a liberal edycation : 
the one the acquisition of useful knowledge, the other a training or 
culture of the intellectual faculties. The first should be made as broad 
as possible, the second in the present state of knowledge must unfor- 
tunately be greatly restricted. While in the passage referred to I have 
claimed that, in a system of education based upon science, languages 
should be studied simply as tools, Mr. Matthew Arnold, in a lecture 
which he has recently repeatedly delivered in this country, and whose 
text was the phrases I have already quoted, has claimed that, although 
scholars must use the results of science as so much literary material, 
they need have nothing to do with its methods. In my view, both 
positions are essentially sound. It has been said that the Greek de- 
partments in our colleges could do without the scientific students much 
better than scientific scholars could do without Greek, and this remark 
admits of an evident rejoinder. Certainly in this age no professional 
man can afford to be ignorant of the results of science, and he will 
constantly be led into error if he does not know something of its 
methods. It is perfectly well known that very few of the investiga- 
tors, who have coined the scientific terms derived from the Greek, so 
often referred to, could read a page of Herodotus or Homer in the 
original ; and it is equally true that Mr. Matthew Arnold, and his com- 
peer, Lord Tennyson, who have shown such large knowledge of the 
results of science, could not interpret the complex relations in which 
the simplest phenomena of Nature are presented to the observer. The 


greater number of the students of Nature can only know the beauties 


of Greek literature as they are feebly presented in translations, and so 
the greater number of literary students can only know of the wonders 
of Nature as they are inadequately described in popular works on sci- 
ence. If it requires years of study to enable a student to master the 
meaning of a Greek sentence, can we expect that in less time a student 
shall be able to unravel the intricacies of natural phenomena? It has 
been said that no Greek scholarship is possible for a student who be- 
gins the study of that language in college. Is it supposed that scien- 
tific scholarship is any more possible under such conditions ? 

In order to teach successfully the results of science to college stu- 
dents, I have no desire that they should have any preliminary prepara- 
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tion, It has been my duty for more than thirty years to present the ele. 
ments of chemistry to the youngest class in one of our colleges, and J 
have never had any reason to complain of their want of interest in the 
subject. Indeed, I regard it as a great privilege to be the first to point 
oat to enthusiastic young men the wonderful vistas which modern gej- 
ence has opened to our view. So far as their temporary interest is 
concerned, I should greatly prefer that they had never studied the sub- 
ject before coming to college. But even enthusiastic interest in popu- 
lar lectures is not scientific culture. A few men in every class always 
have been, and will continue to be, so far interested as to make the 
cultivation of science the business of their lives, But such men always 
labor under the disadvantages resulting from a want of early training, 
and these obstacles repel a large number whose natural tastes and 
abilities would otherwise have fitted them for a scientific calling. The 
change from one system of culture to another, at the age of eighteen, has 
all the disadvantages of changing a profession late in life. Neverthe- 
less, the college will always continue to educate a number of men of 
science in this way. Most of these men become teachers, and no one 
questions that their previous linguistic training makes them all the 
more forcible expositors of scientific truth. It is ot for such persons 
that I desire any change. I am, however, most anxious that the uni- 
versity should do its part in educating that important class of men 
who are to direct the industries and develop the material resources of 
our country. Such men can be led to appreciate, and will give time 
to acquire, an elegant use of language, but they will not devote four 
or five years of their livés to purely linguistic training, and, if we do 
not open our doors to them, they will be forced to content themselves 
with such education as high-schools, or, at best, technical schools can 
offer. But, while they will thus lose the broader knowledge and 
larger scope which a university education affords, the university will 
also lose their sympathy and powerful support. Such students are 
now wholly repelled from the university, and, under a more liberal 
policy, they would form an important and clear addition to our num- 
bers, and—as I have said in another place—without diminishing by a 
single man the number of those who come to college through the clas- 
sical schools. 

But there is another class of young men with whom a system of 
education based on the study of Nature would, as I am convinced, be 
more successful than the prevailing system of linguistic culture: I refer 
to those who now come to college, some of them through the influence 
of family tradition, some of them through the expectation of social ad- 
vantage, and a still larger number on account of the attractions of col- 
lege-life. Many of these are men who, with poor verbal memories, or 
want of aptitude for recognizing abstract relations, can never become 
classical scholars with any exertion that they can be expected to make, 
but who can often be educated with success through their perceptive 
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faculties. These men are the dunces of the classical department, they 
add nothing to its strength, and in every classical school are a hin- 
drance to the better students; but some of them may become able 
and useful men, if their interest can be aroused in objective realities. 
Of our present students, it is only this class that the proposed changes 
would really affect. Those who have tastes and aptitudes for linguistic 
studies would continue to come through the old channels, and of such 
only can classical scholars be made. 

I know very well it is said that, although the classical department 
would be glad to be rid of this undesirable element, yet the change 
could not be made without endangering the continuance of the study 
of Greek in many of our classical schools. But can the university be 
justified in continuing a requisition which is recognized to be opposed 
to the best interests of an important class of its patrons? And certainly 
it is not necessary to protect the study of Greek in this country by 
any such questionable means. I have a great deal more faith myself 
in the value of classical scholarship than many of my classical col- 
leagues appear to possess. Never has one word of disparagement 
been heard from me. I honor true classical scholarship as much as I 
despise the counterfeit. To maintain that the class of classical dunces, 
to whom I have referred, appreciate the beauties of classical literature 
or derive any real advantage from the study is, in my opinion, to main- 
tain a manifest absurdity. Fully as much do the convicts in a tread- 
mill enjoy the beauties of the legal code under which they are com- 
pelled to work ; and if, as Chief-Justice Coleridge has recently main- 
tained, in his speech at New Haven, classical scholarship is the best 
preparation for the highest distinctions in church and state, certain- 
ly its continuance does not depend on the minimum requisition in 
Greek of this university.* The “new culture,” although a much 
“younger industry,” does not ask for any such artificial protection. 
It only asks for an opportunity to show what it can accomplish, and 
this opportunity it has never yet had. Even if the largest liberty were 
granted, those who seek to promote a genuine education, based on natu- 
ral science, would labor under the greatest disadvantages. Not only 
is the apparatus required for the new culture far more expensive than 
that of an ordinary classical school, but also more personal attention 
must be given to each scholar, and the ordinary labor-saving methods 
of the class-room are wholly inapplicable. In the face of such obsta- 
cles as these conditions present, the new culture can advance only 
very gradually ; and, amid the rivalry of the old system, it can only 
succeed by maintaining a very high degree of efficiency. The new way 
will certainly not offer any easier mode of admission to college than the 
old ; and when it is remembered that the classical system has the con- 
trol of all the endowed secondary schools, the prestige of past success, 

* This article was written and read to the Faculty of Harvard College shortly after 
Lord Coleridge’s visit to the United States, in the autumn of 1883. 
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and the support of the most powerful social influence, it is difficult to 
understand on what the opposition to the free development of the 
“new education” is based. Are not gentlemen, who have been talking 
of a revolution in education, taking counsel of their fears rather than 
of their better judgment ; and are they not forgetting that the teachers 
of natural science have the same interest in upholding the principles 
of sound education as have their classical colleagues ? Certainly there 
can be no question that, in the future as in the past, they will ever 
seek to maintain the integrity of all the great departments of the uni- 
versity unimpaired. It has happened before this that the judgment, 
even of intelligent men, has been warped by their class relations or 
supposed interests ; but as, in this country, the learned class has no 
control of government patronage, we may at least hope that the dis- 
cussion of the Greek question will never assume with us the great 
bitterness that a similar controversy has aroused in Germany. 

There has been a great deal said in this discussion about the “ hu- 
manities,” and it has been assumed that, while the analysis of the 
Greek verb is “humanizing,” the analysis of the phenomena of Nature 
is “ materializing.” I can discover nothing humanizing in the one or 
the other, except through the spirit with which they are studied, and I 
know by experience that the spirit with which the study of the Latin 
and Greek grammars is often enforced is most demoralizing. Those 
who have been born with a facility for language may laugh at this 
statement ; but a boy who has been held up to ridicule for the want 
of a good verbal memory, denied him by his Creator, long remem- 
bers the depressing effect produced, if not the malignity aroused, 
by the cruelty. Many are the men, now eminent in literature as well 
as science, who have experienced the tyranny of a classical school, so 
graphically described in the autobiography of Anthony Trollope ; and 
many are the boys who might have been highly educated if their per- 
ceptive faculties had been cultivated, whose career as scholars has 
been cut short by the same tyranny. 

Again, a great deal has been said about specialization at an early 
age, as if the study of Nature were specializing while the study of 
Latin metres and Greek accents was liberalizing. But how could spe- 
cialization be more strikingly illustrated than by a system which limits 
a boy’s attention between the ages of twelve and twenty to linguistic 
studies to the almost entire exclusion of a knowledge of that universe 
in which his life is to be passed, and which so limits his intellectual 
training that his powers of observation are left undeveloped, his judg- 
ments in respect to material relations unformed, and even his natural 
coneeptions of truth distorted? Now, although a special culture which 
has such mischievous results as these may be necessary in order to 
command that power over language which marks the highest literary 
excellence, and,although a university should foster this culture by all 
legitimate means, yet to enforce it upon every boy who aspires to be 
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a scholar, whatever may be his natural talents, is as cruel as the Chi- 
nese practice of cramping the feet of women in order to conform to a 
traditional ideal of beauty. Indeed, an instructor in natural science 
has very much the same difficulty in training classical scholars to ob- 
serve that 2 dancing-master would have in teaching a class of Chinese 
girls to waltz. 

Again, it has been said that while the opportunities for scientific 
culture in college are ample, no one will oppose such a modification of 
the requisitions for admission as the conditions of this culture demand, 
provided only we label the product of such culture with a descriptive 
name. Call the product of your scientific culture Bachelors of Science, 
we have been told, and you may arrange the requisites of admission 
to your Own courses as you choose. I am forced to say that this argu- 
ment, however specious, is neither ingenuous nor charitable. If you 
will label the product of a purely linguistic culture with an equally 
descriptive name ; if, following the French usage, you will call such 
graduates Bachelors of Letters, we shall not object to the term Bach- 
elors of Science ; or, without making so great an innovation, I, for 
one, should have yo objection to a distinction between Bachelors of 
Arts in Letters and Bachelors of Arts in Science. But it is perfectly 
well understood that in this community the degree of Bachelor of 
Arts is for most men the one essential condition of admission to the 
noble fraternity of scholars, to what has been called the “Guild of the 
Learned.” To refuse this degree to a certain class of our graduates 
is to exclude them from such associations and from the privileges 
which they afford ; and this is just what is intended. Hence I say 
that the argument is not ingenuous, and it is not charitable because it 
implies that a class of men who profess to love the truth as their lives 
are seeking to appear under false colors. To cite examples from my 
own profession only I have always maintained that such men as Davy, 
Dalton, and Faraday were as truly learned, as highly cultivated, and as 
capable of expressing their thoughts in appropriate language, as the 
most eminent of their literary compeers, and I shall continue to main- 
tain this proposition before our American community, and I have no 
question that sooner or later my claim will be allowed, and the doors 
of the “Guild of the Learned” will be opened to all scholars who 
have acquired by cultivation the same power which these great men 
held in such a pre-eminent degree by gift of Nature. 

Lastly, Iam persuaded that in a large body politic like this it is 
unwise, and in the long run futile, to attempt to protect any special 
form of culture at the expense of another. If one member suffers, all 
the members suffer with it ; and what is for the interest of the whole 
is in the long run always for the interest of every part. I would wel- 
come every form of culture which has vindicated its efficiency and its 
value, and in so doing I feel that I should best promote the interests 
of the special department which I have in charge. 
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THE CHEMISTRY OF COOKERY. 
By W. MATTIEU WILLIAMS. 


XXXVI.—DIET FOR THE GOUTY. 


CORRESPONDENT from Hereford refers to the concluding 

paragraph of my last paper “ as too valuable to let slip, without 
making practical use of it,” and, accordingly, asks for further infor. 
mation concerning the salts that should be contained in our food, and 
“in what other form cana poor mortal obtain them.” 

As the question may have presented itself to many other readers, 
I will answer it here, especially as I can speak from practical expe- 
rience of the miseries that may be escaped by understanding and 
applying it. I inherit what is called a “lithic-acid diathesis.” My 
father and his brother were martyrs to rheumatic gout, and died early 
in consequence. I had a premonitory attack of gout at the age of 
twenty-five, and other warning symptoms at other times, but have kept 
the enemy at bay during nearly forty years by simply understanding 
that this lithic acid (stony acid) combines with potash, forming thus 
a soluble salt, which is safely excreted. Otherwise it is deposited here 
or there, producing gout, rheumatism, stone, gravel, and other dread- 
fully painful diseases, which are practically incurable when the de- 
posit is fairly established. By effecting the above-named combination 
in the blood, the deposition is prevented. 

The potash required for the purpose exists in several conditions : 
First, in its uncombined state as caustic potash. This is poison, for 
the simple reason that it combines so vigorously with organic matter 
that it would decompose the digestive organs themselves if presented 
to them. The lower carbonate is less caustic, the bicarbonate nearly, 
but not quite, neutral. Even this, however, should not be taken as 
food, because it is capable of combining with the acid constituents of 
the gastric juice. 

The proper compounds to be used are those which correspond to 
the salts existing in the juices of vegetables and flesh—viz., compounds 
of potash with organic acids, such as tartaric acid, which forms the 
potash salt of the grape, such as citric acid, with which potash is 
combined in lemons and oranges ; malic acid, with which it is com- 
bined in apples and many other fruits ; the natural acids of vegetables 
generally ; lactic acid in milk, etc. 

All these acids, and many others of similar origin, are composed of 
carbon, oxygen, and hydrogen, held together with such feeble affinity 
that they are easily dissociated or decomposed by heat. This may be 


shown by heating some cream of tartar or tartaric acid on a strip of | 


metal or glass. It will become carbonized to a cinder, like other or- 
ganic matter. * If the heat is raised sufficiently, this cinder will all burn 


























THE CHEMISTRY OF COOKERY. 779 


away to carbonic acid and water in the case of the pure acid, or will 
leave carbonate of potash in the case of cream of tartar or other potash 
salt. 

Unless I am mistaken, this represents violently what occurs gradu- 
ally and mildly in the human body, which is in a continuous state of 
slow combustion so long asit is alive. The organic acids of the pot- 
ash salts suffer slow combustion, give off their excess of carbonic acid 
and water to be breathed out, evaporated, and ejected, leaving behind 
their potash, which combines with the otherwise stony lithic-acid tor- 
mentor just when and where he comes into separate existence by the 
organic actions which effect the above-described slow combustion. 

If we take potash in combination with a mineral acid, such as the 
sulphuric, nitric, or hydrochloric, no such decomposition is possible ; 
the bonds uniting the elements of the mineral acid are too strong to 
be sundered by the mild chemistry of the living body, and the mineral 
acid, if separated from its potash base, would be most mischievous, as 
it precipitates the lithic acid in its worst form. 

For this reason, all free mineral acids are poisons to those who 
have a lithic-acid diathesis ; they may even create it where it did not 
previously exist. Hence the iniquity of cheapening the manufacture 
of lemonade, ginger-beer, etc., by using dilute sulphuric or hydro- 
chloric acid as a substitute for citric or tartaric acid. I shall presently 
come to the cookery of wines, and have something to say about the 
mineral acids used in producing the choicer qualities of some very 
“dry,” high-priced samples that, according to my view of the subject, 
have caused the operations of lithotomy and lithotrity to be included 
among the luxuries of the rich. 

It should be understood that, when I recommended the use of bi- 
carbonate of potass for the solution of casein, all these principles were 
kept in view, including the objection to the bicarbonate itself. In the 
case of the cheese the quantity recommended was based on an esti- 
mate of the quantity of lactic acid existing in the cheese and capable 
of leaving the casein to go over to the potash. In the case of the peas 
- the quantity is difficult to estimate, owing to its variability. The more 
correct determination of such quantities is among the objects of fur- 
ther research, and which I alluded to in my last. 

Speaking generally it is not to the laboratory of the chemist that 
we should go for our potash salts, but to the laboratory of nature, and 
more especially to that of the vegetable kingdom. They exist in the 
green parts of all vegetables. This is illustrated by the manufacture 
of commercial potash from the ashes of the twigs and leaves of timber- 
trees. The more succulent the vegetable the greater the quantity of 
potash it contains, though there are some minor exceptions to this. 
As I have already stated, we extract and waste a considerable propor- 
tion of these salts when we boil vegetables and throw away the potage, 
which our wiser and more thrifty neighbors add to their every-day 
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ménu. When we eat raw vegetables, as in salads, we obtain all their 
potash. 

Fruits generally contain important quantities of potash salts, and 
it is upon these especially that the possible victims of lithic acid should 
rely. Lemons and grapes contain them most abundantly. Those who 
can not afford to buy these as articles of daily food may use cream of 
tartar, which, when genuine, is the natural salt of the grape, thrown 
down in the manner I shall describe when on the subject of the cook- 
ery of wines. 

At the risk of being accused of presumption, I must here protest, 
as a chemist, against one of “ the fallacies of the faculty,” or of cer- 
tain members of the faculty, viz., that of indiscriminately prohibiting 
to gouty and rheumatic patients the use of acids or anything having 
an acid taste. 

This has probably arisen from experience of the fact that mineral 
acids do serious mischief, and that alkaline carbonate of potash affords 
relief. The difference between the organic acids, which are decom- 
posed in the manner I have described, and the fixed composition of 
the mineral acids does not appear to have been sufficiently studied by 
those who prohibit fruit and vegetables on account of their acidity, 
It must never be forgotten that nearly all the organic compounds of 
potash, as they exist in vegetables and fruit, are acid. It may be de- 
sirable, in some cases, to add a little bicarbonate of potash to neutral- 
ize this excess of acid and increase the potash-supply. I have found 
it advantageous to throw a half-saltspoonful of this into a tumbler of 
water containing the juice of a lemon, and have even added to it 
stewed or baked rhubarb and gooseberries. In these it froths like 
whipped cream, and diminishes the demand for sugar, an excess of 
which appears to be mischievous to those who require much potash. 

I must conclude this sermon on the potash text by adding that it 
is quite possible to take an excess of this solvent. Such excess is de- 
pressing ; its action is what is called “lowering.” I will not venture 
upon an explanation of the rationale of this lowering, or discuss the 
question of whether or not the blood is made watery, as sometimes 
stated. 

Intimately connected with this part of my subject is another vege- 
table principle that'I have not yet named. This is vegetable jelly, 
or pectin, the jelly of fruits, of turnips, carrots, parsnips, etc. Fremy 
has named it pectose. It is so little changed by cookery that I need 
say little about it beyond stating the fact that an acid may be sepa- 
rated from it which has been named pectic acid, the properties and 
artificial compounds of which appear to me to suggest the theory 
that the natural jelly of fruits largely consists of pectites of potash 
or soda or lime. We all know the appearance and flavor of currant- 
jelly, apple-jelly, etc., which are composed of natural vegetable jelly 
plas sugar. 
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The separation of these jellies is an operation of cookery, and one 
that deserves more attention than it receives. I shall never forget 
the rahat lakoum which I once had the privilege of eating in the 
kitchen of the seraglio of Stamboul, in the absence at the summer 
palace of the sultana and the other ladies for whom it was prepared. 
Its basis was the pure pectose of many fruits, the inspissated juices of 
grapes, peaches, pineapples, and I know not what others. The sher- 
bet was similar, but liquid. Well may they obey the Prophet and 
abstain from the grosser concoctions that we call wine when such am- 
brosial nectar as this is supplied in its place! It is to imperial tokay 
as tokay is to table-beer ! 

The “lumps of delight” sold by our confectioners are imitations 
made of flavored gelatine. Similar substitutes are sold in Constanti- 
nople. The same as regards the sherbet. 

I conclude this part of my subject by re-echoing Mr. Gladstone’s 
advocacy of the extension of fruit-culture. We shamefully neglect 
the best of all food, in eating and drinking so little fruit. As regards 
cooked fruit, I say jam for the million, jelly for the luxurious, and 
juice for all. With these in abundance, the abolition of alcohol will 
follow as a necessary result of natural nausea. 


XXXVII.—COUNT RUMFORD AND THE BAVARIAN BEGGARS, 


I must not leave the subject of vegetable cookery without describ- 
ing Count Rumford’s achievements in feeding the paupers, rogues, and 
vagabonds of Munich. An account of this is the more desirable, from 
the fact that the “soup” which formed the basis of his dietary is still 
misunderstood in this country, for reasons that I shall presently state. 

After reorganizing the Bavarian army, not only as regards military 
discipline, but in the feeding, clothing, education, and useful employ- 
ment of the men, in order to make them good citizens as well as good 
soldiers, he attacked a still more difficult problem—that of removing 
from Bavaria the scandal and burden of the hordes of beggars and 
thieves which had become intolerable. He tells us that “the number 
of itinerant beggars of both sexes, and all ages, as well foreigners as 
natives, who strolled about the country in all directions, levying con- 
tributions from the industrious inhabitants, stealing and robbing, and 
leading a life of indolence and most shameless debauchery, was quite 
incredible”; and further, that “these detestable vermin swarmed every- 
where, and not only their impudence and clamorous importunity were 
without any bounds, but they had recourse to the most diabolical acts, 
and most horrid crimes, in the prosecution of their infamous trade. 
Young children were stolen from their parents by these wretches, 
and their eyes put out, or their tender limbs broken and distorted, in 
order, by exposing them thus maimed, to excite the pity and commis- 
eration of the public.” He gives further particulars of their trading 
upon the misery of their own children, and their organization to obtain 
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alms by systematic intimidation. Previous attempts to cure the eyj] 
had failed, and the public had lost all faith in further projects, ang 
therefore no support was to be expected for Rumford’s scheme. 
“ Aware of this,” he says, “I took my measures accordingly. To con. 
vince the public that the scheme was feasible, I determined first, bya 
great exertion, to carry it into complete execution, and then to ask 
them to support it.” 

He describes the military organization by which he distributed the 
army throughout the country districts to capture all the strolling pro- 
vincial beggars, and how, on January 1, 1790, he bagged all the beg- 
gars of Munich in less than an hour by means of a well-organized civil 
and military battwe, the New-Year’s-Day being the great festival when 
all the beggars went abroad to enforce their customary black-mail 
upon the industrious section of the population. Though very inter- 
esting, I must not enter upon these details, but can not help stepping 
a little aside from my proper subject to quote his weighty words on 
the ethical principles upon which he proceeded. He says that “ with 
persons of this description, it is easy to be conceived that precepts, 
admonitions, and punishments would be of little avail. But, where 
precepts fail, habits may sometimes be successful. To make vicious 
and abandoned people happy, it has generally been supposed necessary, 
Jirst, to make them virtuous. But why not reverse this order? Why 
not make them first happy and then virtuous? If happiness and vir- 
tue be inseparable, the end will as certainly be attained by one 
method as by the other; and it is most undoubtedly much easier to 
contribute to the happiness and comfort of persons in a state of pov- 
erty and misery than, by admonitions and punishments, to improve 
their morals.” 

He applied these principles to his miserable material with complete 
success, and referring to the result exclaims, “ Would to God that my 
success might encourage others to follow my example!” Further ex- 
amination of his proceedings shows that, in order to follow such exam- 
ple, a knowledge of first principles and a determination to carry them 
out in bold defiance of vulgar ignorance, general prejudice, and polite 
sneering, are necessary. 

Having captured the beggars thus cleverly, he proceeded to carry 

out the above-statéd principle, by taking them to a large building 

already prepared, and where “everything was done that could be de- 
vised to make them really comfortable.” The first condition of such 
comfort, he maintains, is cleanliness, and his dissertation on this, 
though written so long ago, might be inscribed in letters of gold over 
the portals of our Health Exhibition of to-day. 

Describing how he carried out his principles, he says of the pris- 
oners thus captured : “Most of them had been used to living in the 
most miserable hovels, in the midst of vermin and every kind of filthi- 
ness, or to sleep in the streets, and under the hedges, half naked and 
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exposed to all the inclemencies of the seasons. A large and commodi- 
ous building, fitted up in the neatest and most comfortable manner, 
was now provided for their reception. In this agreeable retreat they 
found spacious and elegant apartments, kept with the most scrupulous 
neatness ; well warmed in winter, and well lighted; a good, warm 
dinner every day, gratis, cooked and served up with all possible atten- 
tion to order and cleanliness ; materials and utensils for those that 
were able to work ; masters gratis for those who required instruction ; 
the most generous pay, in money, for all the labor performed ; and the 
kindest usage from every person, from the highest to the lowest, be- 
longing to the establishment. Here in this asylum for the indigent 
and unfortunate no ill-usage, no harsh language is permitted. During 
five years that the establishment has existed, not a blow has been given 
to any one, not even to a child by his instructor.” 

This appears like the very expensive scheme of a benevolent Uto- 
pian ; but, to set my readers at rest on this point, I will anticipate a 
little by stating that, although at first some expense was incurred, 
all this was finally repaid, and, at the end of six years, there remained 
a net profit of one.hundred thousand florins “after expenses of every 
kind, salaries, wages, repairs, etc., had been deducted.” 

I must not dwell upon his devices for gradually inveigling the lazy 
creatures into habits of industry, for he understood human nature too 
well to adopt the jailer’s theory, which assumes that every able-bodied 
man can do a day’s work daily, in spite of previous habits. Rum- 
ford’s patients became industrious ultimately, but were not made so 
at once. 

This development of industry was one of the elements of financial 
and moral success, and the next in importance was the economy of the 
commissariat, which depended on Rumford’s skillful cookery of the 
cheapest viands, rendering them digestible, nutritious, and palatable. 
Had he adopted the dietary of an English workhouse or an English 
prison, his financial success would have been impossible, and his pa- 
tients would have been no better fed, nor better able to work. 

The staple food was what he calls a “soup,” but I find, on follow- 
ing out his instructions for making it, that I obtain a porridge rather 
than a soup. He made many experiments, and says: “I constantly 
found that the richness or quality of a soup depended more upon a 
proper choice of the ingredients, and a proper management of the fire 
in the combination of these ingredients, than upon the quantity of 
solid nutritious matter employed ; much more upon the art and skill 
of the cook than upon the sum laid out in the market.” 

Our vegetarian friends will be interested in learning that at first he 
used meat in the soup provided for the beggars, but gradually omitted 
it, and the change was unnoticed by those who ate, and no difference 
was observable as regards its nutritive value. 

In 1790 little, or rather nothing, was known of the chemistry of 
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food. Oxygen had been discovered only sixteen years before, and 
chemical analysis, as now understood, was an unknown art. In spite 
of this, Rumford selected as the basis of his soup just that proximate 
element which we now know to contain, bulk for bulk, more nutritive 
matter than any other that exists either in the animal or vegetable 
kingdom, viz., casein. He not only selected this, but he combined it 
with those other constituents of food which our highest refinements of 
modern practical chemistry and physiology have proved to be exactly 
what are required to supplement the casein and constitute a complete 
dietary. By selecting the cheapest form of casein and the cheapest 
sources of the other constituents, he succeeded in supplying the beg. 
gars with good hot dinners daily at the cost of one halfpenny each, 
The cost of the mess for the Bavarian soldiers under his command 
was rather more, viz., twopence daily, three farthings of this being 
devoted to pure luxuries, such as beer, etc. The details of the means 
by which he achieved these notable results will be stated in my next, 





THE ORIGIN OF CULTIVATED PLANTS. 
Br M. ALPHONSE DE CANDOLLE.* 


HE traditions of the ancient peoples, embellished by the poets, 

have commonly attributed the first steps in agriculture and the 
introduction of useful plants to some divinity, or at least to some 
great emperor or inca. Reflection teaches us that this is not probable, 
and the observation of the agricultural efforts among the savages of 
our own age indicates that the real facts in the case are quite differ- 
ent. Generally, in the progressive steps that lead to civilization the 
beginnings are weak, obscure, and narrow. There are reasons why 
this should be so in agricultural and horticultural initiatives. There 
are many gradations between the custom of gathering fruits, seeds, or 
roots in the field and that of regularly cultivating the plants which 
yield such products. A family may scatter seeds around its home, and 
the next year seek the same product in the forest. Some fruit-trees 
may be growing afound a house, and we not know whether they have 
been planted there, or the hut has been built near them for convenience 
of access to them. Wars and hunting often interrupt efforts at culti- 
vation. Rivalries and jealousies may make one tribe slow in imitat- 
ing another. If some great personage ordains the cultivation of a 
plant and institutes some ceremony in demonstration of its utility, it 
is probably after obscure persons have spoken of it and successful 
experiments have been made upon it. Previous to such demonstra- 
tions adapted to impress the multitude, a shorter or longer period of 


“# From his new book, “ The Origin of Cultivated Plants,” recently published in Paris. 
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local and ephemeral trials must have passed. Determining influences 
were needed to incite these trials, to secure their renewal, and bring 
them to success. We can easily understand what they were. 

The first thing necessary was to have within reach some plant 
offering qualities desirable to all men. The most backward savages 
are acquainted with the plants of their own country ; but the Austra- 
lians and Patagonians are examples to show that, if they do not judge 
them productive and easy to raise, they do not think of putting them 
under cultivation. Other conditions are quite evident : a climate not 
too rigorous ; in hot countries, freedom from too long drought ; some 
degree of security and fixedness ; and, last, a pressing necessity result- 
ing from failure of resources in fishing, hunting, or the production of . 
the nutritious fruits of native plants, such as the chestnut, the date, 
the banana, or the bread-fruit. When men can live without working, 
that is what they prefer. Besides, the element of chance in hunting 
and fishing tempts primitive men—and some civilized ones too—more 
than do the difficult and regular labors of agriculture. To return to 
the species which savages may be disposed to cultivate. They find 
them sometimes in their own country, but frequently they receive 
them from neighboring people who are more favored by natural con- 
ditions than they, or have already entered upon some degree of civil- 
ization. Unless a people is cantoned in an island or in some place 
difficult of access, it will speedily receive those plants discovered else- 
where whose advantageous qualities are evident, and this will divert 
them from the cultivation of the inferior species of their own coun- 
try. History teaches us that wheat, maize, the yam, several species 
of the genus Panicum, tobacco, and other plants—particularly annual 
ones—became widely diffused before the historical period. These 
good species encountered and arrested the timid efforts which might 
have been made here and there with less productive or less agreeable 
plants. In our own days, we see, in different countries, wheat taking - 
the place of rye, maize preferred to buckwheat, and many grains, vege- 
tables, and economical plants falling into neglect because other spe- 
cies, often brought from a distance, offer more advantages. The dis- 
proportion in value is, however, less between plants already cultivated 
and improved than formerly existed between cultivated plants and 
quite wild ones. Selection—that grand factor which Darwin has had 
the merit so fortunately to introduce into science—plays an impor- 
tant part when agriculture is once established ; but in every period, 
and especially in the beginning, the quality of the species is more im- 
portant than the selection of varieties. 

The various causes which favor or oppose the beginnings of agri- 
culture will explain why some regions have been for thousands of 
years populated by cultivators, while others are still inhabited by 
wandering tribes. Rice and several legumes in Southern Asia, bar- 
ley and wheat in Mesopotamia and Egypt, several grain-plants in 
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Africa, maize, the potato, the yam, and the manioc in America, were 
evidently easily and soon cultivated under the inducements offered by 
their obvious good qualities and favorable climatical conditions, Cen. 
ters were thus formed, and hence the most useful species were dif- 
fused. In the north of Asia, Europe, and America, the temperature 
is unfavorable, and the indigenous plants are sparsely productive ; but, 
as the resources of hunting and fishing are available, the introduction 
of agriculture could be delayed, and the people could do without the 
valuable species of the South without suffering much. It was other- 
wise in Australia, Patagonia, and Southern Africa. The plants of the 
temperate regions of our hemisphere could not reach these countries 
on account of the distance, and those of the intertropical zone were 
excluded from them by the excessive drought or the absence of high 
temperatures. At the same time the native species were miserable 
in quality. It was not want of intelligence or of security alone that 
prevented the inhabitants from cultivating them. Their nature also 
discouraged the effort to such an extent that the Europeans, during 
the hundred years they have been in these countries, have only at- 
tempted the cultivation of a single species, the tetragonia, an inferior 
green herb. I do not forget that Sir Joseph Hooker has enumerated 
more than a hundred Australian species that might be used in some 
way ; but, in fact, they have not been cultivated, and they are not 
cultivated, with all the improved processes which the English colonists 
possess. This demonstrates the principle I have just announced, that 
the quality of the species has an influence on the selection, and that 
there must be real qualities in a wild plant to induce an effort to cul- 
tivate it. 

Notwithstanding the obscurity that surrounds the beginnings of 
agriculture in different regions, it is settled that the dates vary exceed- 
ingly. One of the earliest examples of cultivated plants is drawn 
from Egypt, in the shape of a design representing figs in one of the 
pyramids of Gizeh. The date of the construction of the monument 
is uncertain ; authors vary in assigning it to from fifteen hundred to 
four thousand two hundred years before the Christian era. If we 
assign it to two thousand years before Christ, we would have an anti- 
quity of four thousand years for the fig. Now, the pyramids can have 
been constructed only by a numerous people, organized and civilized 
to a certain degree, who must consequently have had an established 
agriculture, going back several centuries, at least, for its origin. In 
China, twenty-seven hundred years before Christ, the Emperor Chen- 
nung introduced a ceremony in which, every year, five species of 
useful plants were sown—viz., rice, soja, wheat, and two kinds of 
millet. These plants must have been cultivated for some length of 
time in some places to have attracted the attention of the emperor at 
this period, 

' Agriculture seems, then, to have been as ancient in China as in Egypt. 











a 














vi 
& 
* 
a 
2 
2 
2 
: 











THE ORIGIN OF CULTIVATED PLANTS. 787 


The constant intercourse of the latter country with Mesopotamia 
justifies us in presuming that cultivation was almost contemporaneous 
in the regions of the Euphrates and the Nile. Why may it not have 
been quite as ancient in India and the Indian Archipelago? The his- 
tory of the Dravidian and Malaysian people does not go back very 
far, and is very obscure ; but there is no reason for presuming that 
cultivation, particularly on the banks of the rivers, did not begin 
among them a very long time ago. 

The ancient Egyptians and the Phenicians propagated numerous 
plants in the region of the Mediterranean ; and the Aryan peoples, 
whose migrations toward Europe began nearly twenty-five hundred 
or, at latest, two thousand years before Christ, spread many species 
which had already been cultivated in Western Asia. We shall see, in 
studying the history of particular species, that some plants were proba- 
bly already cultivated in Europe and Northern Africa. This is indi- 
cated by names in languages that prevailed before the Aryans came : 
the Finnish, Basque, Berber, and Guanche (of the Canary Islands). 
The remains, called Kjékkenméddings, of the ancient habitations of 
Denmark have, however, as yet furnished no traces of cultivation, 
and no evidence of the possession of a metal. The Scandinavians of 
that period lived entirely by fishing, hunting, and, perhaps accessorily, 
on indigenous plants—such as those of the cabbage kind—which were 
not of a nature to leave traces of themselves in the manure-heaps, and 
which, perhaps, did not require cultivation. The absence of metals 
does not imply, in those northern countries, a greater antiquity than 
the age of Pericles, or even of the best period of the Roman Repub- 
lic. Agriculture was finally introduced later, after bronze had become 
known in Sweden, a country then still far from civilized lands. A 
sculpture of a plow, drawn by two oxen and guided by a man, has 
been found in the remains of that epoch. 

The ancient inhabitants of Switzerland cultivated several plants, 
some of which originated in Asia, when they had instruments of pol- 
ished stone, but not of metals. M. Heer has shown that they were in 
communication with the countries situated to the south of the Alps. 
They may, in this way, have received cultivated plants from the Tbe- 
rians, who occupied Gaul before the Celts. In the period when the 
lake-dwellers of Switzerland and Savoy were in possession of bronze, 
their cultivated plants were more varied. Apparently, even the lake- 
dwellers of Italy cultivated fewer species when they had that metal 
than the people of the lakes of Savoy—a fact which may have been 
connected with a greater antiquity, or with local circumstances. The 
remains of the lake-dwellers of Laybach and of the Mondsee, in Aus- 
tria, also attest a quite primitive agriculture; no cereals have been 
found at Laybach, and only a single grain of wheat at the Mondsee. 
So little advanced a condition of agriculture in that eastern part of 
Europe is in opposition to the hypothesis, based on some words of the 
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ancient historians, that the Aryans sojourned first in the region of the 
Danube, and that Thrace was civilized before Greece. Notwithstand. 
ing this example, agriculture seems to have been generally more an- 
cient in the temperate part of Europe than we would be ready to 
believe from the accounts of the Greeks, who were disposed, like some 
modern peoples, to make all progress appear to start from their nation, 

In America, if we may judge from the civilizations of Mexico and 
Peru, which do not go back even to the first centuries of the Christian 
era, agriculture was not, probably, as ancient as in Asia and Egypt. 
But the immense dispersion of certain kinds of cultivation—as that of 
maize, of tobacco, and of the yam—leads us to assign an antiquity of 
nearly or about. two thousand years to it. History fails us in this case, 
and we have no resource for ascertaining anything about it, except 
from discoveries in archeology and geology. 





WAGES, CAPITAL AND RICH MEN.* 


By tugs Avrnor or “ Conriict iy Nature snp Lis.” 


T is no marvel that labor and capital are in conflict ; and yet they 
are necessarily co-operative factors to the same end. What benefits 
capital should also benefit labor, and vice versa, and there is essential 
harmony between them, as Bastiat, Carey, Perry, and other economists 
insist ; but the theoretical harmony thus so obvious fails in practice, 
and we are compelled to acknowledge the fact of actual discordance, 
The interests of labor are in the hands of one class, and the interests of 
capital in the hands of a very different class, and they haturally enough 
contend about a certain margin of profit, since what one class gets of 
this the other must necessarily do without. The war is really between 
laborers and the employers of laborers ; and it is quite likely in the 
course of events that this war will become a source of anxiety and suf- 
fering far beyond what one would.expect from such apparently peace- 
able forces. There is hardly any doubt that, if the wealthy classes in 
this country could have their unrestrained way in all things, they 
would build up an‘aristocracy as oppressive and disdainful as ever ex- 
isted anywhere. If the so-called working-classes (not embracing those 
who are their own employers) could have their way, they would do 
even worse by precipitating the conditions of universal poverty. 

I speak of labor and capital as antagonists ; and this is true, though 
the owner of capital is not always a party to the conflict ; he is so only 
when he uses his own capital in the employment of labor. Very large- 
ly the employer of labor is a borrower of capital, paying for the use of 


* From “ Reforms: their Difficulties and Possibilities.” New York: D. Appleton & 
Co., 1884. 
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the same. When this is the case, there are three parties having dis- 
tinct interests. ‘The owner of capital must have “use” ; the borrower 
of capital and employer of labor must have “profits” ; and the laborer 
must have “wages.” But it will answer all the purposes of this state- 
ment in this connection to assume that the owner and user of capital 
are one, and that the contest is between him and the laborer. 

Laborers in the several departments of industry are as much com- 
petitors with one another as with other classes of society, and in some 
respects even more so. In connection with the class-feeling, which is 
apt to be engendered among the laborers of a particular department 
of industry, they come to regard the desired increase of their wages as 
the one thing needful for the prosperity and happiness of mankind. 
Allow that the additional wages are secured ; then, with what result ? 
Labor is a large item in production, and, when it is made more expen- 
sive, the cost of production is increased. This may or may not add to 
the commercial price of the product: if it does, the additional price 
must be paid by all who purchase for consumption ; and, as about three 
fourths of all consumers in the civilized world are working-men de- 
pendent on their wages, they are now worse off than before, being 
taxed to better the condition of the favored few. 

“That is not the intention,” retorts Reformer; “we mean that the 
articles so produced shall be kept at their former price by reducing the 
profits of the employer.” A good idea, which should teach modesty 
to the “money power”; but it has this drawback, namely, that, if 
capital in this particular industry is thus compelled to accept consider- 
ably less return than capital employed in other industries, it will desert 
this field of operations for some other which pays better, and the 
laborers who have their wages thus arbitrarily raised will reap the 
penalty for their ignorance of economical laws by finding themselves 
out of employment, or working on short time. Capital and enterprise 
could, under such circumstances, be retained in the business at all only 
by an increase in the price of the product through reduced production, 
increased demand, or other means, so as to pay both the increase of 
wages and the usual interest of capital and profit to management. 

Reformer answers : “Such gain at the laborers’ expense is precise- 
ly what galls ; there is quite too much of it ; and it should be restricted 
by public sentiment taking the form of law.” Beware, my dear sir; 
that is just the way the other side used to do! Within the present 
century, even England has had laws on her statute-books restricting 
the freedom of laborers as laborers in the most arbitrary manner, be- 
cause it was assumed that only employers understood the proper thing 
to have done, and they made the laws. This was a survival of barba- 
rism in the interest of employers, and it can hardly be revived at this 
late day in the interest of employés. There may, indeed, be certain 
forms of restriction imposed on employers for the protection of labor- 
ers ; as, for example, in relation to the unhealthy condition of shops, 
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too long hours, the employment of children, etc. But these are gen- 
eral rules, which do not touch the right of enterprise to select its field, 
and, under freedom of competition, to make the most of it. Restrie. 
tion within limits may be even demanded by economics as well as b 
humanity ; but here the limits are of importance to the last degree, 
since disregard of them may destroy individualism and land us ip 
state communism. 

If force could be used to compel capital under some rule to surren- 
der all or most of its gains to laborers, it would remove to a great ex- 
tent the motive for saving and the incentive to enterprise, and prevent 
the opening of new fields for the employment of new hands, ever ask- 
ing for something to do. Hoarding would take the place of invest- 
ment. Wealth would still be desired for use, but not for business; 
and the currents along the old channels would become sluggish, and, 
with failure to invest for profit, would come the falling off of means 
foruse. This is substantially what takes place during periods of great 
commercial depression, when loss of confidence and fear of extending 
credits temporarily deprive capital of its active functions, and throw 
labor out of employment. It is furthermore substantially the condi- 
tion of things under Eastern despots, where property is not protected 
from spoliation, and there is, consequently, little saved for the assist- 
ance of labor, which has, in consequence, to be done at a disadvan- 
tage, and all the people are hopelessly poor. 

Employers are not absolute arbiters of fate, and can not make a 
remunerating profit with the cost of production and the state of the 
market against them. Should the outlay for wages in any department 
of industry be so great that its products could only be sold as a loss, 
managers must contract operations or stop altogether, when the laborer 
becomes the direct and principal sufferer ; and thus it is shown how 
easy it would be for him, if he had his own way, to destroy the indus- 
try on which he depends for support. Most laborers in the present 
state of their education are not a whit wiser than this implies, though 
some of them happily are. It is stated that committees of working- 
men, appointed to confer with their employers, have been known even 
to refuse the highest wages it would have been possible to exact, lest 
their product should be so weighted with cost of production as to place 
it at a disadvantage in the markets, and thus cripple their industry, 
and in the end do them more harm than good. There are few such 
working-men, however, and it is to be feared that they are little on 
the -increase in number and influence. Mr. Gregg affirms (1879) that 
“never during the experience of a generation and a half can I remem- 
ber to have seen the artisans throughout the length and breadth of the 
land acting so entirely in defiance of common sense and right feeling, 
and with so total a disregard of plain and repeated warning” (“ Nine- 
teenth Century ”). 

“Oh,” interrupts Reformer, “you are running on at a great rate, 
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and getting in too much philosophy all at once ; we mean that all 
laborers in all industries shall have more wages.” Very well ; raise 
their wages—and, then, with what economical result? A protective 
tariff raises wages, but it raises the price of products even more ; and 
it raises wages simply because it raises prices. Any arbitrary measure 
which should raise wages along the whole line would so disturb the 
prevailing equilibrium of the economic forces as to necessitate a gen- 
eral readjustment which would leave the laborer no better off than 
before. He would find himself paying out with one hand the benefits 
he received with the other, and a general rise of wages, like a general 
rise of prices, would be no rise at all. 

“ We mean nothing of that sort,” impatiently retorts Reformer ; 
“how short-sighted you are! We mean that what is thus given addi- 
tional to labor shall come out of interest and profit.” Good again ; 
but how will that work? We are now at the very pith of this thing. 
To advance wages along the whole line without increase in the price 
of products would transfer a part or all of what is called interest and 
profit from capitalists and the operators of business to the laborers. 
“ Certainly, that is what we want in order that laborers may live with 
dignity and comfort worthy of human beings.” Just so; no one would 
be more pleased than myself if this could be so. But, as I was going 
to say, if such an economic policy could be put in force, then the aggre- 
gate of savings for the establishment of industries and the employment 
of labor would be smaller than before, labor would be done in conse- 
quence at an increasing disadvantage, and the penalty would fall upon 
all classes, and would be most severely felt by the working-men. In 
this way the remedy would defeat itself, and turn out to be worse than 
the disease. But such an economical policy can not be put in force, 
because there is no element in the economical domain capable of exer- 
cising any such power. 

“Then, in the name of justice and humanity, is there any relief for 
the working-man?” There is and there is not. ‘There are many con- 
ditions which affect the reward of labor—such as the character of the 
soil, the cost of raw materials, the capital at command, the number 
competing for work, the facilities for exchange, and the like. Witha 
more intelligent direction of effort, with sobriety and frugality, with - 
restraint on the increase of numbers, working-men would certainly re- 
ceive better pay, and it would do them more good. There is something 
more wanting than the mere increase of money wages, now so gener- 
ally sought as the one thing needful. Labor is eventually paid in 
products which go to the support of the working-man’s family, and the 
increased expense of his goods is often greater than the increased pay 
for his work. Wages and prices rise and fall nearly together, and they 
do so as the effect of a common cause. The actual reward of labor is 
thus more uniform than the money price of labor. But even here, as 
usual, labor is at a disadvantage, because it can not be held, as goods 
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may, for higher prices. It is hardly possible, under such circumstan 
that the working-people should be able, by any concert of action, to 
command their employers and dictate wages. 

“It’s all wrong,” exclaims Reformer, indignantly ; “it is slavery 
that men shall toil to make the rich richer!” Truly, we all wish it 
might be otherwise ; but we are compelled to accept human nature, 
revolt as we may against the limits of its possibilities. The economi- 
cal laws have grown out of it in the struggle of life, not by conscious 
purpose, but by overruling necessity, as resultants of the clashing and 
divergent forces of individualism and competition. Nobody is respon- 
sible ; and it may be that these vast accumulations of wealth have their 
good as well as their evil side. Ifa large proportion of civilized people 
have not had the energy and management to push themselves into posi- 
tions of plenty and comfort, it may be that even making the rich richer 
has points of advantage which render it a blessing rather than a curse 
to laboring-men themselves. Let us see. 

There is a surplus beyond immediate consumption from the prod- 
acts of all the industries in the world: what shall be done with this 
surplus? If certain classes of people could have their way, what is 
now surplus would all be consumed by the end of the year. It is not 
so consumed now, because those who would like it for consumption 
can not get it. Not only the ignorant and the improvident would so 
elect, but the more intelligent, such as are employed in offices and places 
of considerable trust. Most who live on salaries manage to keep about 
even ; they do not spend more, because their salaries are not greater. 
Then, if nobody saved—an extreme supposition—what would be the 
result? Civilization could not advance, the world could not become 
richer in the comforts of life, because the basis of production, capital, 
that is, the savings of labor, would not accumulate. Indeed, if there 
were not savings to be constantly invested for the repair of waste and 
wear, there would soon be a calamitous falling off everywhere in the 
comforts of life. It is capital that makes labor tell in successful pro- 
duction ; and, without capital, we should be in the condition of bar- 
barians, of savages even. Then, what is the part the accumulator 
plays? The savings from labor above consumption fall into his hands, 
where they are largely conserved for use. His capital seeks invest- 
ment, it utilizes invention and discovery ; it establishes industries and 
employs labor ; it distributes the products ; and the average of human 
comfort is constantly on the increase through this means. The savings 
of labor which have fallen so largely into the hands of the few, making 
them rich men, have built our railroads, steamships, telegraphs, manu- 
factories, thus in many ways adding to the means of production, and 
the facilities of commerce at home and abroad. These saved earning 
in the hands of men seeking investment for profit have increased the 
wealth, resources, and refinements of civilization, made abundance pos- 
sible, and brought it within reach of all, except the unfortunate, or the 
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indolent and improvident. The industrious and economical poor man 
is better off to-day than if laboring-men all through the past could 
have had what so many of them are at present clamoring for. This 
method of attaining the good does not, of course, come up to the 
standard of perfection ; it is not harmonious and artistic ; it is very 
far from being equitable, if tried by an ideal standard ; still, it is 
the best possible—human nature being what it has been and still 
is, this taint of evil is the inevitable condition of compassing the 

ood. 
: Let us suppose that capitalists and managers get less, and the work- 
ers more, of the common products. So far this would seem to be greater 
justice than now obtains. Suppose further—which, however, is absurd 
—that just as much will now be saved for business as before, and that 
it is in the hands of the working-people themselves for business pur- 
poses. Can they make it tell in business as it does in the hands of 
men whose shrewdness and skill bring them to the front by a sort of 
natural selection? Would there not be a great want of unity and con- 
cert of action among the million holders of this surplus to render it 
comparatively inefficient for the purposes of production ? Would it not 
come to pass that, through the misapplication of capital, the masses of 
the people, in drawing a larger proportion of the common earnings, 
would soon find a smaller aggregate to draw from? Is it not plain 
that here is a case in which seeming justice may defeat justice, and 
cause the working-man after a brief triumph to fall into a worse con- 
dition than before? And this would be true, even on the supposition 
that the proletariat would save as much as the accumulating classes 
now save; but they would not so save—they would consume ; there 
would be less capital, and business would suffer a decline, to the detri- 
ment of all classes. It is one of the difficulties of reform that a seem- 
ing good may react into evil. 

Agitators do not sufficiently keep in mind that business can not be 
carried on without capital, and that this capital can be had only by 
self-denial and by saving. Capital is not a providential gift bestowed 
like showers of manna from heaven. Only the industrious, enterpris- 
ing, economical, well-managing, are certain to acquire capital and re- 
tain it. In making investments for production by the employment of 
labor, there are very generally risks to run, and these risks the party 
responsible for the business must wholly assume. The laborer as such 
has no capital to fall back upon, and can not share in losses. Is it 
right, therefore, that he should receive so much of the products that 
there would be little or nothing left for the responsibility and enter- 
prise of management? Take two men fifty years of age: A has 
worked hard, lived economically, invested wisely, and saved more or 
less every year ; he is now a capitalist and employer. B has used up 
his earnings as he went along, and is now working for A. Has he 
any just right to insist that A shall forget the past, ignore its results, 
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and take him in as an equal partner? This is substantially what all 
ask for who insist that labor shall have all it produces, without regard 
to the part which capital plays in production. It would not be just ; 
there would be a radical and far-reaching wrong in rewarding improyi- 
dence and shiftlessness equally with risk and enterprise. To do this 
would be to outrage moral government, by which an action of any 
kind should be followed by its fitting sequence. The practical results 
of such a course could not be good. We must reiterate that if, in the 
event of giving all to labor, there were no immediate falling off in the 
amount of capital, such falling off would nevertheless soon come about 
through mistaken investment, since the shrewd and enterprising, into 
whose hands capital now usually falls, are precisely those who are best 
qualified to discover the fields in which investments may be. made to 
the best advantage ; for it is by the utilization of such fields that 
the greatest amount and variety of productions are had, and most is 
added to the general wealth of the civilized world. Profit and utility 
thus go along hand in hand. But the greatest loss from the indis- 
criminate reward of economical misdoing would be in the actual re- 
duction of savings and diminution of capital. 

Then, what is the economical function the rich man patil 


He conserves the surplus of production, holding it in trust for the 


good of all, and without him there would be no civilization. The ac- 
cumulator, the self-made rich man, usually expends only a percentage, 
often a small percentage, of, his income, on his own gratifications, 
What he retains beyond this can not go to his own behoof, and, if it 
helps anybody to more of the goods of life, it must, as a rule, help 
others ; and it is precisely this surplus, thus saved and used as the 
basis of every industrial and commercial enterprise, that makes him 
rich and keeps him rich. So bound up is he with the system of civil- 
ized methods that he can not add to his wealth by successful enter- 
prise on the methods which legitimate business requires without help- 
ing others. The worthy rich man is, indeed, a self-exalted prince of 
civilization, who holds his wealth in trust for the maintenance and 
further advancement of that civilization. Surely he is entitled to our 
blessings rather than to our curses. 

Still, when we see wealth in the hands of the worthless who live in 
idleness, but to exemplify the vanities of life, while many a one who 
is a useful member of society, with capabilities of still greater useful- 
ness, is struggling in the battle of life with odds against him, we may 
impulsively curse the lottery that favors the one and dooms the other. 


“ Tt’s hardly in a body’s power 
To keep, at times, frae being sour, 
To see how things are shared ; 
How best o’ chiels are whiles in want, 
While coofs in countless thousands rant, 
And ken na how to wair’t.” 
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But this is largely incidertal, and is an illustration of the discord- 
ances which attend on the operation of general laws in the constitution 
of things. There is no getting rid of such discordances ; they are an 
inevitable part of the system, and bound fast to the good. If we are 
blessed with the rain, we should not repine at the disorder in the ele- 
ments which sometimes accompanies it. 

But, while we are compelled to take this view of the economical 
function of wealth, let us not do it the injustice of drawing unwar- 
ranted inferences fromit. I do not lose sight of the fact that the ad- 
vantages of the moneyed classes are not wholly those which accrue 
from the legitimate action of economical principles. These classes 
have always seen to it that the laws were made in their favor, thus 
securing for wealth and position additional leverage to make the rich 
richer and the poor poorer. The natural advantages which wealth 
gives them is not enough ; they secure arbitrary privileges by legal 
enactment, and with these increase the distance between themselves 
and the masses of the people. And this is true, whether the people 
are the reputed rulers or not ; only too often the innocent voter is 
unconsciously doing the political work which has been prepared for 
him by a dexterous hand which he does not see. I yield to none in 
utter execration of the unscrupulous devices whereby monopoly is 
“lawfully ” armed to take from the substance of the people for its 
own aggrandizement. 

In consequence of this very tendency to make a selfish and unjust 
use of power in government and society do the strong classes only 
too generally succeed in putting off labor with inadequate compensa- 
tion. There is something else in life than mere money and the exu- 
berant development of material prosperity. We could afford a little 
less of these, in order that the working-people might be richer in the 
substance of every-day life. But, when even liberal wages are not 
only consumed, but too often consumed in a way to injure the laborer, 
we see how difficult it isto hit upon the best practical thing to do. 
Too low wages is bad; and wages arbitrarily made extremely high 
would soon prove to be bad by cutting off the source from which 
wages are derived. I but state economical difficulties, and protest that 
they should not be made the occasion of unwarranted inferences. 

Another point which, in this connection, I do not forget, concerns 
the shadows of wealth. There are certain forms of good which can 
not be had without wealth ; but, when such wealth is secured, it brings 
with it certain forms of evil which have never yet been separated 
from the possession of wealth. But, if I attempt to show that the 
dreams of labor-reformers are impracticable in that they would soon 
reduce all to the same level of poverty, that attempt, in recognizing 
the economical conditions of plenty, is certainly not to be construed 
in support of the evils of wealth ; for wealth is the very thing, what- 
ever its drawbacks, without which civilization can not exist. 

















796 THE POPULAR SCIENCE MONTHLY. 






DU MOTAY’S PROCESS OF ICE-MAKING. 


By G. B. SEELY. 


O* all the projects that have excited the ridicule of the unimagina- 

tive of times gone by, perhaps none has appeared more exceed- 
ingly funny and chimerical than that of producing at will, by mech- 
anism operated by heat, a freezing cold, and that without the use 
of ice, or any previously congealed substance, and without regard to 
atmospheric temperature. 

In these days of rapid development of the mechanic arts, it seems 
hazardous to assert impossibility of any mechanical problem involy- 
ing the substantial amelioration of man’s condition. The manifest 
need of an improvement seems to be but the condition of its realiza- 
tion and development ; sooner or later appears the embryo invention 
destined to be the theme of long study and continual modification, the 
perfected product often bearing little or no resemblance to the crude 
prototype that may have first embodied an idea fraught with lasting 
good to man. The conception once concretely realized, its beneficent 
results become a part of the common capital of the race, making pos- 
sible still further advances in our material well-being. 

While the progenitors of the race seem early to have discovered 
the means of producing heat artificially, for their rude arts and for 
their bodily comfort, it is not probable that the means of obtaining 
artificial cold could ever have seemed to primitive man a pressing 
need. Civilization is a multiplying of needs, and nothing connected 
with man’s development seems more clear than that the adoption of 
artificial protection from the elements, conducing directly as it has to 
a material modification of Nature’s means of protecting the body and 
providing for its wants, has not only led to the demand for readily 
available means of producing artificial heat, but for the means of arti- 
ficial refrigeration as well. 

Since the experiments of Professor Twining thirty years ago, with 
sulphuric ether, the problem of producing artificial cold has been 
attacked by many, but the basis of the more important and successful 
systems employed has been, as in Twining’s experiments, the volatili- 
zation’of a liquid in vacuo, by means of a gas-pump. Of the various 
substances available in nature for this purpose, ether and ammonia 
have received the most attention. Various other liquids have also 
been used, such as sulphide of carbon, methylic ether, chloride of 
methyl, chymogene, etc., and latterly sulphurous acid as used in the 
famous Pictet system. Compressed air has also been employed, but 
the mechanical labor required by this system is too costly to allow it 
to compete with what may be termed the volatilizing systems. 

‘The object sought has been the most economical method of em- 
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ploying those substances that are capable of producing the greatest 
degree of cold. But a difficulty is encountered in the high pressures 
of the gases produced in the pump, as there is no evading the physical 
fact that the cold-producing power of a gas is a concomitant of its 
tension, or pressure varying directly therewith. Thus, ammonia, with 
a pressure at rest of eight atmospheres, and at work of twelve to 
twenty atmospheres according to the temperature, is an excellent 
refrigerant, but the use of a gas with such a high pressure is attended 
with obvious drawbacks. At the other end of the scale is ether, 
which is manageable at a low pressure, viz., zero at rest, and ten to 
fifteen pounds per square inch at work ; but this advantage has its cor- 
responding drawback, in accordance with the law above mentioned, 
i.e., acomparatively low refrigerating power. It is, moreover, inflam- 
mable, and, in contact with any of the lubricants used on the pump- 
piston, there results an unintended product of soap, which, coating 
the parts of the mechanism, obstructs the passage of the latent heat 
from the circulating medium employed for freezing. Midway be- 
tween these two agents, as regards its pressure, is sulphurous acid. 
This gives a high degree of cold, its pressure at work being three and 
one half to six atmospheres, and a little over two and one half atmos- 
pheres at rest. Aside from its rather high pressure, a serious objec- 
tion to its use is the liability to corrosion of the parts on contact of 
the liquid with moisture, sulphuric acid being thereby produced, 
which rapidly wears away the more important parts of the mechanism 
employed. 

The various defects enumerated, and others incident to the use of 
other agents not here particularized, viz., liability to explosion, inflam- 
mability, indifferent refrigerating capacity, high vacuum, high press- 
ure involving rapid wear and tear and danger in use, and other more 
or less serious drawbacks, have made the attainment of a still better 
system than the best of those referred to imperative. The great 
desideratum, it will be seen, has been a process admitting of using 
some of the better cold-producing agents without the dangers or an- 
noyances due to the high tensions of their gases, or to other peculiari- 
ties of their composition. The discovery of a method by which this 
object could be attained is due to the genius of the late C. M. Tessié 
du Motay. 

This eminent French chemist, acting on the suggestion of one of 
his associates, M. Etienne Gillet, a gentleman who had made a close 
study of artificial ice-making, sought to combine two or more liquids 
which should have the property, in combination, of mutually neutral- 
izing the defective features they exhibited when used separately, and 
which should at the same time retain their desirable qualities. He 
instituted experiments, in conjunction with M. Auguste Rossi, which 
resulted in the discovery that ether, when combined with sulphurous 
acid, furnished a compound absolutely free from any of the defects 
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that had previously hindered successful working. The inflammability 
of ether was nullified by the sulphurous acid ; a perfect lubricant wag 
obtained, and the substance had no corrosive action on the metals 
employed. But the most interesting feature developed by the experi- 
ment was that the ether was found to have the power of absorbing 4 
large proportion of the gas of the sulphurous acid. This is the charac. 
‘teristic feature of the binary absorption system, as Du Motay termed 
his process. The ether, by absorbing the gas of the other constituent 
liquid, reduces the mechanical problem to that of liquefying a gas 
having a pressure not approximating that of sulphurous acid, viz,, 
fifty to eighty pounds or more per square inch, but barely more than 
that of ether itself, viz., twenty pounds. The pressure of the com- 
pound at rest, like that of ether, is ni/. In other words, the ether is 
found to have accomplished the greater part of the work, and a law 
of nature governing the action of certain chemicals in combination is 
availed of to reduce the mechanical labor of liquefaction to a mini- 
mum. 

Since the death of Du Motay, which occurred very soon after his 
discovery, his associates, MM. Auguste Rossi and Leonard F. Beck- 
with, have continued the experiments under the Du Motay patents, 
with various other compounds, and have accomplished the hitherto 
unheard-of result of liquefying ammonia gas in the pump at a pressure 
of thirty-five pounds per square inch. This is accomplished by com- 
bining it with glycerine, a non-volatile, which gives up the ammonia 
gas in the vacuum-pump, but, when it has reached a certain tension, 
seizes it, so to speak, and renders it liquefiable at a fraction of its ordi- 
nary pressure. 

There are various other compounds capable of giving the same 
results—an intense freezing power at a greatly diminished pressure, 
and the peculiarities of various industries employing mechanical re- 
frigerants can thus be consulted and met by the use of whatever com- 
pound is found best adapted thereto. 

There are certain general features common to all the systems em- 
ploying a liquid volatilizable in the vacuum-pump, but the peculiar 
features of the binary absorption process admit of such a simplifying 
of the mechanical appliances employed as to materially distinguish 
their constrtiction from that of other systems. 

The freezing agent, ethylo-sulphurous dioxide, or glycerine and 
ammonia, or whatever be the compound employed, is placed within 
the “refrigerator,” which consists of tubular coils immersed in an un- 
congealable mixture. A double-acting vacuum-pump volatilizes the 
agent in the refrigerator coils, and this is attended with the develop- 
ment of an intense cold, which is communicated to the surrounding 
mixture, and the latter, by means of a circulating pump, is made to 
flow through a suitable tank containing vessels of water to be frozen, 
or; if air-cooling only be desired, through iron tubing placed along the 
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walls or ceiling of the chamber to be cooled. The discharge-pipe of 
the circulating pump communicates with a condenser, which consists 
of a tubular vessel immersed in a tank containing cooling water taken 
from any convenient source and kept in constant circulation. The 
yolatilized liquid is expelled from the pump into this condenser, where 
the process of condensation or liquefaction of the gas is completed. 
The restored liquid i is then returned to the refrigerator by suitable con- 
nections, to be again volatilized, and so on continuously, the waste of 
the agent being ‘but trifling. 

The time consumed in the process of freezing the water-cans 
ranges from twenty-four to thirty-six hours. The more perfect the 
insulation of the tanks in which the water-cans are immersed, the 
more quickly is the latent heat extracted from the water ; and this, 
after all, is the problem involved in artificial freezing. To speak of 
the manufacture of cold, though popularly comprehensible and con- 
venient, is to misapply terms. In one sense heat seems to be but an 
incident of the cosmic order, an exception to a state of things pervad- 
ing interstellar space, and toward which the warm earth, and her sister 
planets, and all the burning orbs of heaven, are gradually tending. In 
producing cold we therefore seem but to assist Nature to re-establish, 
in an infinitesimal degree, the state of comparative molecular inac- 
tivity that distinguishes cold from heat, and which characterizes the 
vacuum. 

The need of an efficient system of artificial refrigeration is con- 
stantly increasing. Not alone in warm countries is ice rapidly be- 
coming a universal necessity, but, in myriad industries in temperate 
climes, the economy experienced by using air-cooling contrivances in 
the place of Nature’s unwieldy, slippery, and not always obtainable 
product, has long since been satisfactorily demonstrated by the wide- 
spread use of various systems of machines. 

In the years to come, there may arise some engineering genius bold 
enough to conceive and skillful enough to execute a plan for tapping 
the limitless reservoir of cold that pervades interplanetary space, and 
bringing a supply, regulable at will, to a sweltering world. This 
would be a highly satisfactory solution of the problem of such interest 
to nine tenths of humanity for a large portion of the year, how to 
keep cool. Pending, however, the realization of such a*scheme, of 
which it must be confessed there is no immediate prospect, it is diffi- 


cult to discern any way to an improvement, in this branch of physics, 


on the latest product of French inventive genius. Ys 
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THE PHYSIOLOGICAL ASPECT OF MESMERISM.* 
By J. N. LANGLEY, F.R.8. 


es pmmanned about in the literature of the seventeenth and eight. 
eenth centuries are many records of the cure of divers human 
maladies in simple and mysterious-seeming ways. Valentin Greate. 
rakes, in Charles II’s reign, was, we are told, “famous for curing vari- 
ous diseases and distempers by a stroak of the hand only.” His power, 
he thought, was a special gift from Heaven. Many people, however, 
were not slow to say that he had dealings with the devil. In some | 
cases wonders were wrought by touching the affected parts of the 
patient with a magnet. Maxwell, who in 1679 published a short trea- 
tise on magnetic medicine, attributed the cures brought about by this, 
and by some other unusual forms of medical practice, to the accumu- 
lation of a subtile fluid in the body of the patient. This subtile fluid 
was diffused through all things in nature; a fortunate few among 
men had an inborn power of controlling its distribution. Such men 
could cure all diseases ; they could indeed, he says, by adding to their 
own proper quantum of fluid, make themselves live forever, were not 
the influence of the stars adverse. 

In 1775 the theory of animal magnetism was put forward in Vienna 
by Friedrich Anton Mesmer. Neither his theories nor his facts differ 
very greatly from those of some of his predecessors. There exists, he 
said, in nature a universal fluid; in virtue of this, the human body 
possesses “ properties analogous to those of a magnet; there are to be 
distinguished in it poles equally different and opposite, which may 
even be communicated, changed, destroyed, and restored ; even the 
phenomenon of inclination is observed therein.” By means of this 
magnetic fluid all the maladies of man could be healed. <A few years 
later Mesmer left Vienna for Paris. At first he magnetized his patients 
by gazing steadily at them, or by means of “passes”; but, as patients 
became more numerous, he brought them into a proper magnetic con- 
dition by other methods, often of a very fantastic nature. The patients 
did not, when magnetized, all show the same symptoms: some passed 
into a heavy sleep, some became insensible to touch, or even to stimuli 
ordinarily painful ; some became cataleptic, some were seized with 
local or general convulsions. This last condition was called a crisis, 
and was the triumph of the mesmerizer, the moment when the disease . 
was considered to be forcibly.expelled from the system. Nowadays it 
is the last state a physician would care to produce in a patient. 

For a time Mesmer’s success was enormous. His admirers sub- 
scribed for him a sum of nearly 350,000 francs, receiving in return 

* Abridged from an address delivered at the Royal Institution of Great Britain, March 
“14, 1884. 
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details as to the method of magnetization. In Paris the belief in the 
power of Mesmer to cure diseases soon waned ; but by this time he 
had made a stir in the world, and had drawn attention to a number of 
facts which were either only locally known, or largely disregarded. 
Mesmer devoted himself chiefly to curing patients, and it must be 
added, to receiving fees ; but about ten years after the time of his com- 
ing to Paris it was found that a state resembling somnambulism, or 
sleep-walking, could be produced in some persons by magnetizing 
them. This gave a stimulus to the investigation of what I may call 
the magical side of the phenomena. This magical side had always 
been present, but in the height of Mesmer’s power had not been much 
regarded. Of the magic of animal magnetism I will say one word 
more presently. 

The term animal magnetism lingered long, but has now happily 
fallen into disuse, either mesmerism or hypnotism being used in its 
stead. ‘“ Hypnotism” we owe to Dr. Braid, of Manchester, who, from 
1841 to the time of his death in 1860, subjected all the phenomena said 
to be produced in the magnetic state to a searching investigation. 
Braid is the founder of mesmerism in its scientific aspect. Hypnotism 
and mesmerism, as commonly used now, are synonymous terms; it 
would be advantageous, I think, if we could make a distinction be- 
tween them. We might, for example, use the term hypnotism to em- 
brace all those phenomena which are proved, and the term mesmerism 
to embrace all those phenomena which are not proved. Mesmerism 
would then mean what I have called its magical side, and would em- 
brace those phenomena which are sometimes called the higher phe- 
nomena of mesmerism. These are of various kinds. It is said, for in- 
stance, that one person can, at any time he wishes, mesmerize another 
who is at a distance, and who is in perfect ignorance of the intentions 
of the mesmerizer ; that a mesmerized person can perceive the thoughts 
and sensations of the mesmerizer, without receiving any indications 
from the known organs of sense ; that a clairvoyant can see with parts 
of the body other than the eyes, for example, with the back of the head, 
or with the pit of the stomach ; that a clairvoyant can describe places 
and persons which he has never read of, or heard of, or seen. Those 
observers who have done most to elucidate the subject, such as Braid, 
have failed to observe any of these and other similar higher phenom- 
ena. They are unproved. It would be convenient, I say, to include 
such phenomena only, under the heading of mesmerism; but this I can 
not yet venture todo. The facts I have to mention I shall call those 
of hypnotism or mesmerism indifferently. The magical side of the 
subject may, I think, at present be fairly left out of account. 

The primary point in mesmerism is the paralysis of the will; the 
nervous system is then out of the control of the subject, whether ani- 
mal or man, and, by appropriate stimulation, any one or more of his 
nerve-centers can be set in activity. I shall consider first the behavior 
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of the lower animals when mesmerized : in these the phenomena, ag 
far as at present observed, are much simpler than they are in man, If 
a frog be turned over on its back, it at once regains its normal posi- 
tion ; if, however, it be prevented from doing so, and its struggles are 
for a short time gently suppressed, it becomes hypnotized. Then, 
although it be left at liberty to regain its normal position, it will not 
attempt to do so, Apart from the movements it makes in breathing, 
it lies motionless. If it has been held for a short time only, the hyp- 
\notic state does not last long, usually from one to five or ten minutes ; 
but, if the movements it makes, say, at the end of one minute, or of 
five minutes, and so on, are suppressed, it will not infrequently happen 
that the frog will then stay without further movement for a consider- 
able time, sometimes even for many hours. During the first part of 
this time a slight pinch, a sudden flash of light, or a loud noise, will 
usually cause it to turn over and sit up in its normal manner. Fora 
moment or two it looks a little dull and confused, but rapidly regains 
its normal activity. During the latter part of this time it responds 
less and less to external stimuli. When it is in this state, it may be 
propped up against a support with its legs crossed under it, or placed 
so that it rests on its head, or placed on its side with its legs arranged 
in this or that fashion, without offering the least resistance. 

I have spoken of the frog as being hypnotized or mesmerized. Let 
us consider what is meant by this. I think it is obvious that the ani- 
mal does not remain passive from any astuteness on its part ; it is in- 
credible that the frog, finding its efforts to escape ineffective, should 
make up its mind to remain quiet, and should, although at liberty to 
move, stay still for hours, becoming more and more determined as time 
goes on to take no notice of noises, of flashes of light, and of pinch- 
ing of its skin. On the contrary, it is, I think, obvious that in some 
way its will has become paralyzed. In order to attempt to explain 
how this is brought about, we must consider an aspect of reflex action 
which is very little understood. 

A brainless frog will, when its leg is gently pinched, kick out the 
leg ; but, if just previously some other part of the body has also been 
pinched, one of two opposite things may take place—the leg may be 
kicked out more quickly and vigorously, or it may not be kicked out 
at all. In both cases the nerve-center involved in producing the move- 
ment of the leg receives an additional impulse from another nerve- 
center, but in one case the additional impulse increases the activity of 
the nerve-center involved in the reflex action, in the other case it 
annuls this activity—there is, to use the physiological term, an inhibi- 
tion of the “reflex ” nerve-center. 

Inhibition by impulses proceeding from the cortex of the brain 
occurs every day of our lives. The “ will” is perpetually being brought 
into play to inhibit some nerve-center or other. For example, you 
may be on the verge of yawning, when it suddenly occurs to you that 
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it will be better not to do so ; you suppress the yawn without moving 
a muscle. What happens is this: An inhibitory nerve-impulse is sent 
from the cortex, and puts a stop to the indiscreet activity of a nerve- 
center elsewhere in the brain. Further, when the cortex is set in ac- 
tivity in a particular way by one impulse, another impulse reaching it 
may inhibit the first activity, or, in terms of the localization theory, 
one nerve-center in the cortex may send out inhibitory impulses to any 
other nerve-center of the cortex. 

I need not further multiply instances of inhibition. I wish, how- 
ever, to lay stress on this, that it is highly probable that impulses 
traveling from any peripheral nerve-ending to a nerve-center, or from 
any one nerve-center to any other, may, under certain circumstances, 
diminish or annul the functional activity of the nerve-center—that is, 
may inhibit it. And there is equal reason to believe that, under cer- 
tain other circumstances, the effect produced will not be inhibition, 
but an increase of activity of the center. The exact conditions which 
determine whether one effect or the other takes place have not as yet 
been made out. For the present the facts must suffice us, We may 
now return to the mesmerized frog. 

Whatever the will may be, its action is accompanied by a certain 
activity of the cortex of the brain; if this activity is prevented from 
taking place, the will can no longer act. From the physiological stand- 
point, then, the mesmerized frog lies motionless because an inhibition 
of a particular activity of the nerve-cells of the cortex has taken place. 
We may distinguish two chief causes of this inhibition. 

The tactile stimuli sent to the central nervous system when the 
frog lies on its back are obviously different from those sent when the 
frog is in its normal position. The unusual -nerve-impulses traveling 
from the skin in the unusual position of the frog are inhibitory nerve- 
impulses. There is reason to believe that they act first on some lower 
center of the brain, and that from this impulses are sent which dimin- 
ish or annul the activity of the cortical nerve-cells which is necessary 
for the exercise of the will. 

The second chief cause of inhibition is in the cortex itself. Hand- 
ling the frog in the way which is done when it is mesmerized produces 
@ certain emotional condition which we may call fright. But, when 
the animal is frightened, the nerve-cells of the cortex are set in activ- 
ity in a special manner. This mode of activity inhibits other modes 
of activity, and the will is paralyzed.* We can not at present, I think, 
put in any more definite form the effect of one state of the cortex of 
the brain upon its other possible states. We do not know enough of 
the relations of the cortex of the brain to the psychical functions to 
say more. In some cases fright seems to play a very small part, if 
* The term “ paralysis of the will” is here used to include the state in which there is 


an effort of will, but in which the effort is not followed by a dispatch of nervous impulses 
from the cerebral hemispheres to the lower nervous centers. 
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any, in producing the effect. That it is not an essential factor is, to 
some extent, confirmed by the fact that a frog without the cerebral 
hemispheres can be easily mesmerized ; it is difficult to conceive of the 
animal in this state being very much frightened. 

It will be remembered that reflex action from all parts of the body 
is diminished in the mesmerized frog. After a time, then, there is g 
marked inhibition of activity of the whole nervous system. Now, in 
the brainless frog placed on its back there is no such diminution of 
reflex action ; hence in the intact hypnotized frog the spinal cord must 
be inhibited by impulses coming from the brain ; from which we may 
conclude that centers inhibited in their own proper action nevertheless 
send out inhibitory impulses to other centers. There appears, then, to 
be an irradiation of inhibitory impulses, just as we have seen that 
there is an irradiation of exciting impulses. 

Before passing to mesmerism in man I will show you two other 
instances of hypnotism in the lower animals. The alligator which you 
see here behaves very much like the frog. It has, however, less tend- 
ency to become cataleptic. After a brief struggle, it becomes quies- 
cent and its limbs slowly relax ; its mouth may then be opened, and 
a cork placed between its teeth, without giving rise to any voluntary 
movement on its part. It may be kept for a considerable time in this 
limp condition by gently stroking the skin close to its eyes. 

So far as I have observed, the hypnotic condition in birds and in 
lower mammals is not capable of any great development. It may last 
ten minutes, but rarely longer. In these animals, too, the emotional 
condition is probably the chief factor in producing the inhibition. Of 
impulses from peripheral sense-organs, tactile impulses seem to be most 
effective in the lower mammals, as in the rabbit and Guinea-pig, and 
visual impulses in the bird. The pigeon which I have here remains 
longest quiescent when, after it has been held for a minute or two, I 
bring my hand slowly up and down over its head. 

In man the phenomena of mesmerism are of a very much more 
striking character than they are in the lower animals. Speaking gen- 
erally, this seems to be due to a greater interdependence of the various 
parts of the nervous system in the lower animals. In these, when any 
one center is stirred up by exciting impulses, an irradiation of exciting A 
impulses is apt to*take place to all other centers, and the mesmeric q 
state is in consequence apt to be broken. And on the other hand, 
when a center is inhibited, an irradiation of inhibitory impulses is apt 
to take place, and the whole nervous system is in consequence apt to 
be inhibited. Hence the activity or suppression of activity of particu- 
lar parts of the central nervous system, which forms so conspicuous a 
feature of mesmerism in man, can be only partially produced in the 
lower vertebrates. Even in man there is very considerable difference, 
in different individuals, in the ease with which particular nerve-centers 
can be excited or inhibited without other centers being similarly af- 
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fected. But apart from this the fundamental features are the same, 
whether a man or a frog be mesmerized. The primary point is, as I 
have said, the paralysis of the will—that is, the inhibition of a certain 
activity of the nerve-cells of the cortex of the cerebrum. 

The great majority of people can not be mesmerized unless they 
consent to fix their attention on some particular object. This fixing 
of the attention, speaking generally, seems to be a voluntary exclusion 
of exciting impulses, leaving thus the inhibitory ones an open field. 
Idiots, who, on account of the lack of co-ordination of their nerve- 
centers, can not fix their attention for any length of time on any one 
object, can not as far as I know be mesmerized. Now this, now that 
part of the brain becomes active, and exciting impulses are sent out 
which overpower the inhibitory ones.* Inhibition from impulses aris- 
ing in the cortex itself are rare unless the patient has been previously 
mesmerized. Some such cases, however, do occur. But in people who 
have been previously mesmerized inhibition in this manner is of not 
unfrequent occurrence ; within limits, the more often the changes in 
the cells accompanying inhibition have been produced, the easier they 
are to reproduce. Those who have often been mesmerized may fall 
again into this condition at any moment, if the idea crosses their minds 
that they are expected to be mesmerized. 

Thus, if a sensitive subject be told that the day after to-morrow at 
half-past nine he will be mesmerized, nothing more need be done ; the 
day after to-morrow at half-past nine he will remember it, and in so 
doing will mesmerize himself. 

An instance sent by M. Richer to Dr. Hake Tuke, presents, it 
seems to me, an example of inhibition from the cortex which is of a 
somewhat different class, and more allied to that which occurs in birds 
and lower mammals. A patient was suspected of stealing some photo- 


graphs from the hospital, a charge which she indignantly denied. 


One morning M. Richer found this patient with her hand in the 
drawer containing the photographs, having already transferred some 
of them to her pocket. There she remained motionless, She had 
been mesmerized by the sound of a gong struck in an adjoining ward. 
Here, probably, the changes in the cortex accompanying the emotion 
which was aroused by the sudden sound at the moment when she was 
committing the theft produced a wide-spread inhibition—she was 
instantaneously mesmerized. 

I will show you the method of mesmerizing which is, perhaps, on 
the whole, most effective ; it is very nearly that described by Braid. 
I have not time to attempt a mesmeric experiment to-night ; it is the 
method only which I wish to show you. With one hand a bright ob- 
ject, such as this faceted piece of glass, is held thus, eight to twelve 

* It is said that some persons, while they are sleeping, can be brought by means of 


passes into the mesmeric state. It would be interesting to observe if this can also be 
done with insane people. 
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inches from the subject, so that there is a considerable convergence of 
the eyes, and rather above the level of the eyes, so that he is obliged 
to look upward. The subject is told to look steadily at the piece of 
glass, and to keep his whole attention fixed upon it. This position ig 
kept up for five to ten minutes ; during this time the pupils will prob. 
ably dilate considerably, often assuming a slight rhythmic contraction 
and dilation ; when this is the case, the free hand is moved slowly 
from the object toward the eyes. If the subject is sensitive, the eyes 
will usually close with a vibratory motion. In some cases the subject 
is then unable to open them, and the usual mesmeric phenomena can 
be obtained. If, when the operator brings his hand near the eyes of 
the subject, the subject instead of closing them follows the movements 
of the fingers, the whole proceeding is repeated, but the subject is 
told to close his eyes when the fingers are brought near them, but to 
keep them fixed in the same direction as before, and to continue to 
think of the object and that only. The operator then for some min- 
utes makes “ passes,” bringing his warm hands over and close to the 
face of the subject in one direction. When the subject is inclined to 
pass into the cataleptic state, an indication of his condition may be 
obtained by gently raising his arm ; if he is beginning to be mesmer- 
ized, the arm remains in the position in which it is placed. If the arm 
falls, the mesmeric state may not infrequently be hastened on-by tell- 
ing the subject to keep his arm extended while he is still gazing at 
the object, or while the passes are being made. And that is the whole 
of the process. The man thus mesmerized sinks from manhood toa 
highly complicated piece of machinery. He is a machine which for a 
time is conscious, and in which ideas can be excited by appropriate 
stimulation ; any one acquainted with the machinery can set it in 
action. 

The distinguishing feature of the earlier stages of mesmerism in 
man is that by slight stimulation any one center can be easily set in 
violent activity, and its activity easily stopped, without the activity 
spreading to other distant centers. It is on this that the mesmeric 
phenomena usually exhibited depend ; with most of these phenomena 
you are no doubt familiar, so that I need mention one or two only. 

Complicated reflexes may be produced in various ways, just as we 
have seen is the case with a frog even when without its cerebral hemi- 
spheres. Thus Braid mentions that on one occasion an old lady who 
had never danced, and who indeed considered it a sinful pastime, 
when mesmerized began to dance as soon as a waltz-tune was played. 

A statement made to a subject will often produce implicit belief, 
notwithstanding the evidence of his senses. I remember telling a 
subject that I was about to bring a hot body near his face, and he was 
to tell me when it was painful. I put my finger on his cheek, upon 
which he cried out violently that I was burning him. When he was 
a4wakened he remembered that I had touched him with something 
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yery hot. The idea I had given him was remembered, the evidence 
of his sense of touch was disregarded. 

There are certain attitudes which we usually assume under the in- 
fluence of certain moods or ideas ; from each of the muscles concerned 
in bringing about any one attitude, impulses travel up to the brain, 
and give rise to a definite muscular sensation which comes, therefore, 
to be associated with a particular mental mood. In mesmerized people 
the production of a definite muscular sensation not infrequently pro- 
duces in the mind the mood with which it is, in the wakeful state, as- 
sociated. At the same time ideas may be produced corresponding to 
the mood, and the ideas may give rise to particular —— such as 
laughing, crying, fighting. 

If the head is pushed back and the shoulders opened out, the face 
assumes a look full of pride or haughtiness, and, if the subject be asked 
what he is thinking about, he will give some answer indicating what a 
fine fellow he fancies himself to be. If, then, the head is bowed and 
the shoulders contracted, the aspect of the face changes to one of hu- 
mility and pity. Occasionally it happens that a slight pressure on a 
single muscle, which causes it to contract, will by an irradiation of 
nerve-impulses produce the muscular sensations proper to a group of 

muscles, and this will give rise to the associated frame of mind. Thus 
very different feelings may be made torapidly succeed one another in 
the mind of the subject by simply pressing on various muscles of the 
head and neck. At first sight such an experiment looks like a revival 
of the now happily forgotten phrenology. 

I have said that, in a frog which remains mesmerized for any time, 
there is a considerable reflex depression—i. e., inhibition of the whole 
of the central nervous system ; that there is an irradiation of inhibitory 
impulses. In man a similar irradiation of inhibitory impulses appears 
to take place : usually a mesmerized person if left alone passes gradu- 
ally, but often rapidly, into a state of torpor ; consciousness disappears, 
memory is lost, reflex action becomes difficult to obtain ; finally, it may 
be, there is complete anesthesia, a limb may be cut off without pro- 
ducing any movement or any pain. Since this torpor comes on with- 
out anything further being done to the subject, we may conclude that 
here, as in the frog, but to a much more marked degree, there is an 
irradiation of inhibitory impulses. The primarily inhibited centers 
send out inhibitory impulses to all other nerve-centers. Up to a cer- 
tain stage, possibly throughout, any one or more centers may be brought 
back to a condition of activity by certain exciting stimuli, but when 
these cease the inexcitable condition is soon brought back by the in- 
hibitory impulses streaming to them from other nerve-centers. 

The extent to which the torpid condition develops itself varies in 
different individuals. It depends upon the condition of the nervous 
system, upon the relative intensities of the inhibitory and exciting im- 
pulses. As far as our present knowledge goes, it would appear that a 
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few only of those who can be mesmerized can be made to pass into g 
condition of complete anesthesia. It is possible, however, that this 
may be due to the passes which give rise to inhibitory impulses not 
being continued long enough. Dr. Esdaile, who in India was accug- 
tomed to mesmerize his patients before performing surgical operations 
upon them, used to continue the passes for one to two hours, and often 
to repeat this for several days in succession. 

In different people the order in which different centers are inhibited 
varies, as we should expect, from the unequal development of different 
centers in different people. This is no doubt of influence in determin- 
ing whether the general state is cataleptic, somnambulistic, or lethargic, 
and here probably the method used to mesmerize is also of considerable 
importance ; it would seem that the cataleptic condition is more likely 
to be developed when the process of mesmerization involves a strain on 
the eyes of the subject than when he is mesmerized by passes. Not 
much attention, however, has as yet been directed to this point. 

There can, I think, be no doubt that mesmerism may help, and 
sometimes cure, persons suffering from certain diseases of the nervous 
system. It is not in our power to make any accurate statement of the 
way in which this is brought about ; but, since disease may be the re- 
sult of either an over-activity or of an under-activity of any part of 
the central nervous system, it is reasonable to suppose that a beneficial 
effect will follow the employment of a method which allows us to di- 
minish or increase these activities as we will. This is a side of the ques- 
tion which is of the greatest interest both to physicians and to physi- 
ologists—to physiologists, since it bears directly upon the problem of 
the influence of the nervous system on nutrition. There is good rea- 
son to believe that, by directing attention strongly to any particular 
part of the body, the nutritive state of that part of the body may be 
altered. The determination of the actual way in which this is brought 
about is full of difficulties, but the following way is at least theoreti- 
cally possible : It may be that the nerve-centers connected with the 
tissue in question are made unusually active, and that they send out 
nerve-impulses of a trophic nature, that is, impulses which directly 
control the nutrition of the tissue. The alteration in the tissue caused 
by its changed nutritive state—its changed metabolism—may conceiv- 
ably be either beneficial or detrimental to the whole organism ; it may 
give rise to a diseased state, or get rid of an existing one. 

The modern miracles of healing, wrought in persons in a state of re- 
ligious enthusiasm, offer a field for investigating this problem ; the field, 
however, is a particularly bad one, and chiefly because so many people 
concerned regard any careful examination of the subject as impious. 
But in mesmerized persons it seems probable that such investigations 
could be made on a fairly satisfactory basis. Men when mesmerized 
gradually loge remembrance of those things which they remember 
when they are awake, but not infrequently other things are remem- 
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bered which are forgotten in the waking state.* This is normally the 
case with a person who has been previously and recently mesmerized. 
He may then remember little else than what took place in the cor- 
responding stage of his previous mesmerization. In a certain state, 
then, an event or a command will produce in the central nervous sys- 
tem those changes which are necessary for the event or the command 
to be remembered later, without ever rising to consciousness in the wak- 
ing condition. Thus, a command to do a particular thing, given to a 
subject in this mesmeric stage, may be carried out when he awakes, 
although he is quite unconscious why he does it. We may say that 
such an act is one of unconscious memory. But it is, I think, some- 
thing more than this. The subject is usually uneasy and preoccupied 
until the thing is done ; he is, to a greater or less extent, unable to fix 
his attention on other things ; he is, in fact, in a state of unconscious 
attention to an unconscious memory. This brings us to our point. It 
suggests that if a subject, in a certain stage of mesmerization, be told 
that in a few days a sore will appear upon his hand, or, conversely, 


* that a sore already there will disappear, the conditions which accom- 


pany conscious expegtation and attention will, to a certain degree, be 
established ; and the trophic influence of the nervous system on the 
tissues may be tested in a manner which puts the experiment fairly 
within the control of the observer, and, to a certain degree, excludes 
imposture. Such an experiment has obviously some drawbacks: it 
would probably only succeed, if it succeeded at all, with a person 
whose nervous system was in a state of unstable equilibrium ; and it 
can hardly be expected that the effects would be so striking as when 
conscious expectation is also concerned. Still, observations of this 
kind are well worth attention, on account of the medical, the physio- 
logical, and the psychological issues involved in the results. 

Here I must leave the subject. I have not attempted to give an 
account of all the phenomena of mesmerism ; I have taken those phe- 
nomena which seemed to me to be the least easy to understand, the 
most liable to misconception, and have attempted to show that they 
resemble fundamentally certain simpler phenomena which can be ob- 
served in lower animals. I have further attempted to string together 
the various facts upon a thread of theory, which may be briefly summed 
up as follows : 

The primary condition of mesmerism is an inhibition of a particu- 
lar mode of activity of the cortex of the brain, in consequence of which 
the will can no longer be made effective. 


* A case is recorded by Braid, of a woman who, during natural somnambulism—which 
is almost identical with a state that can be produced by mesmerism—could repeat cor- 
rectly long passages from the Hebrew Bible, and from books in other languages, although 
she had never studied any of these languages, and was quite ignorant of them when she 
was awake. At length, however, it was discovered that she had learned the passages 
when she was a girl, by hearing a clergyman with whom she lived read them out aloud. 
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This inhibition may be brought about by nervous impulses coming 
JSrom certain sensory nerves, as those of sight, touch, hearing. 

Tt may also be brought about by impulses or changes arising in the 
cortex: itself. . 

The inhibited cortex, and probably also inhibited lower centers of 
the brain, send out inhibitory impulses to all other parts of the central 
nervous system, so that the mesmerized man or animal gradually passes 
into a state of torpor, or even of complete anesthesia. 

The phenomena of the excitable stage of mesmerism are proximately 
determined by the possibility of exciting any particular center alone, 
without exciting at the same time other centers by which its activity ig 
normally controlled. In lower animals this stage is less marked in 
consequence of a greater interdependence of the various parts of the 
central nervous system. 


I would expressly state that I regard this theory only as provisional. 
Further, I am quite conscious that it is very imperfect. A complete 
explanation of the phenomena of mesmerism and of its allied states 
can only be given when we have a complete knowledgefof the struct- 
ure and functions of all parts of the central nervous system. But I 
have not much doubt that the explanation of the main features of 
mesmerism will be found when we are able to answer the question, 
What is inhibition? And it is some comfort to think that the answer 
awaits us in the comparatively simple nervous system of the lower 
animals. I would not be understood to mean that variation of blood- 
supply and various other events are of no influence in producing mes- 
meric phenomena ; I think, however, that these events are of secondary 
importance only. 





PROTECTION AGAINST LIGHTNING. 
IL. 


ie the year 1875 the Meteorological Society of London was moved to 
follow the lead of the French meteorologists in reference to light- 
ning-conductors, and to appoint a Lightning-Rod Ccmmittee. From 
the report made to the society by the council in the following year, it 
appears that the objects contemplated in this action were “an inves- 
tigation and record of accidents from lightning, an inquiry into the 
principles involved in the protection of buildings, the diffusion of exact 
information regarding the best form and arrangement for lightning- 
conductors, and the consideration of all phenomena connected with 
atmospheric electricity.”* It is obvious that in its first conception 
this committee was intended to be essentially one of investigation and 


* See “ Quarterly Journal of the Meteorological Society,” vol. iii, p. 75. 
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inquiry, and it was for this reason appropriately designated a “ Perma- 
nent Committee.” The meteorologists concerned in its inauguration 
were actuated by the same consideration that was present to the See- 
tion of Physics of the Academy of Sciences in Paris when the follow- 
ing paragraph of the instruction of 1854 was drawn up : 

One knows, it is true, a very great number of examples of people being killed 
or of houses being set on fire; one knows, also, many and diverse instances vf 
metals fused, of timber shattered, of stones and even of walls thrown far away, 
and many other analogous effects; but what is generally wanting is precise 
measurements relative to distance, dimensions, the position of the object— both 
that which is struck and that which escaped. For it is necessary to know what 
the lightning spares, as well as what it strikes. It is the work of all observers, 
but especially of officers in the navy and artillery, of engineers, of professors, 
inventors, and architects, to test these phenomena at the moment they are pro- 
duced, and to describe them accurately for the benefit of science, as well as that 
of public economy. Such descriptions, when they refer to a stroke of lightning, 
should as much as possible point out the track of the lightning from its highest 
to its lowest point; also they should show, by sufficiently numerous horizontal 
sections, the relative positions of all objects in a circle wide enough to take in 
those which have been struck. 


In this passage the instruction of the French Academy no doubt 
touches the one point which is necessary before all else to improve, if 
not to perfect, the practice of electrical engineering, so far as this is 
aimed against the destructive powers of lightning. The broad prin- 
ciples upon which the engineer prosecutes his work are happily such 
as can be referred to actual experiments carried out by the artificial 
apparatus of the electrician. But there still remain some incidental 
questions, such as the influence of surface, extent, and form in con- 
ductors, the relation of conductivity to tenacity, the area of protec- 
tion, and the maximum effect of lightning, which can not be settled 
in this way, and which require an appeal to the larger operations of 
Nature. This, however, concerns opportunities which can not be 
arranged at will. The method of the appeal must of necessity be ob- 
servational rather than experimental. It proceeds upon the lines of 
close watching and systematic record. Observations where the great 
operations of Nature are concerned are utterly worthless unless they 
are made with scientific insight and precision. The plan of investiga- 
tion that has to be pursued is therefore to collect an exact account of 
all accidents that occur, and to arrange a system of organization which 
enables all such chance opportunities to be seized upon and improved 
by an immediate investigation of concomitant conditions and circum- 
stances. This method of study also must be followed up by patient 
persistence for a considerable length of time, seeing that accidents 
from lightning occur at uncertain intervals, and that they are scattered 
capriciously over the greater part of the surface of theearth. It is for 
this reason, essentially, that a Lightning-Rod Committee needs to sit in 
permanence. 
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The Committee of the Meteorological Society, however, seems y 
soon to have lost sight of its own excellent design, and to have changed 
its plan into a mere conference for the preparation of a report, which 
was drawn up under its auspices and printed and published in 1 
apparently by the conference itself, and which assumes the form of 
code of rules for the erection of lightning-conductors, with numerous 
appendices referring to authorities which had been in some sense cop. 
sulted. The report is published under the editorship of the secretary, 
and simply as having been considered and adopted by the delegates of 
the conference, who seem indeed to have concentrated their attention 
upon one subordinate object which had been proposed by the Meteoro- 
logical Society, namely, “the diffusion of exact information regarding 
the best form and arrangement of lightning-conductors,” and to have 
overlooked entirely the more important work of observation and record 
which had been contemplated by the society in the first instance, and 
to which we have drawn attention. 

The code of rules put forward by the conference was obviously in- 
tended to possess the same kind of authority and position as the “in- 
structions ” of the earlier French reports, and indeed its chief value 


seems to be the approval it accords to the practice of construction ~ 


which had grown out of those instructions, and which is very generally 
in use at the present day. It virtually confirms most of the conclu- 
sions which had been arrived at by the French commissions. 

The “ Rules ” of the London Conference direct that the main stem 
of the conductor shall consist of a copper rod or tape, with an ascer- 
tained electrical conductivity amounting to ninety per cent of that 
which pure copper would possess, and weighing six ounces per fogt; 
or that it shall be an iron rod weighing two pounds and a quarter per 
foot ; and that the earth connection shall be made by a copper or iron 
plate presenting a superficial area of eighteen square feet, imbedded 
in moist earth, and surrounded with coke. The terminal points are to 
be more prominent than those usually adopted in England, but they 
may be less so than the heavy tiges of thirty-three feet employed in 
France. The rod is not to be insulated from the building, but inti- 
mately connected with all large masses of metal used incidentally 
in the construction. All joints in its length are to be imbedded in 
solder. Curves are not to be made too sharp, and ample provision is 
to be secured for free expansion and contraction by varying tempera- 
ture. Water-mains and gas-mains are to be utilized as means of 
earth contact wherever practicable, and the conducting integrity of 
the rod is to be tested every year. 

A careful perusal of the French instructions, or of Mr. Richard An- 
derson’s very excellent manual upon lightning-conductors, published 
in 1879, will show that this is substantially an authoritative acceptance 
of the measures already advised by the best authorities. It is, how- 
ever, somewhat remarkable that in the report itself of the London Con- 
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ference nothing whatever is said of the influence of length in reducing 
the efficacy of a conductor. This is the more strange, because, in 
speaking of the care required for the formation of joints in the “ final 
decision of the conference on controverted points,” the report categori- 
cally remarks that bad joints have the same effect as “lengthening a 
conductor,” and a reference is incidentally made to one instance, in 
which a bad joint was found to have had the same effect on a dis- 
charge of electricity that the lengthening of a conductor to nineteen 
hundred miles would have had, This nevertheless was a point that 
was perfectly understood by the French investigators, and it is obvi- 
ously one in which the London code is behind its predecessors. In the 
first French instructions, issued in 1823, there is a paragraph which 
Says : 

Among the conducting bodies there are none, however, which do not op- 
pose some resistance to the passage of the electric force; this resistance to the 
passage, being repeated in every portion of the conductor, increases with its length, 
and may exceed that which would be offered by a worse but shorter conductor. 
Conductors of small diameter also conduct worse than those of larger diameter. 


It follows, as a matter of absolute certainty from this increase of 
resistance with augmented length, that a conductor which was of am- 
ple dimensions for the protection of a building eighty feet high would 
not be of the same efficacy for a building four hundred feet high. It 
is for this reason that M. Melsens employed eight main conductors for 
the Hétel de Ville at Brussels, and it is for this reason that eight half- 
inch copper ropes have been carried down from the lantern and cupola 
in St. Paul’s. To use eight main conductors of a given size is obvi- 
ously, in an electrical sense, the same thing as to use one conductor 
only of eight times the size.* The practice of the French engineers 
has hitherto been to double the sectional capacity of the rod for each 
additional eighty feet of the length that is to be protected by its in- 
strumentality. This practice is a sound one, and certainly should be 
observed. 

There is one other particular in reference to the conference report 
to which it seems desirable to draw attention on account of the erro- 
neous doctrine to which it may possibly give a sanction. Among the 
appendices which have been added to the report there is a table, 
obviously prepared at the cost of some labor, which professes to give 
the sizes of lightning-conductors recommended by various authori- 
ties. In order to facilitate the comparison of the several sizes, all have 
been reduced to what has been termed the equivalent dimensions of 
copper. But the oversight has been made, in preparing this table, of 
treating all cases of galvanized iron as if the zinc in the combination had 
no other function than the protection of the iron from rust. In reality, 

* The solid copper tape which is chiefly used by Mr. Anderson is, to meet the circum- 


stances here alluded to, manufactured of four different sizes, the smallest being § inch 
wide and 7y inch thick, and the largest 1} inch wide and } inch thick. 
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however, a galvanized iron rod conducts as a combination of iron ang 
zinc, in which the zinc possesses a much higher conducting power than 
the iron. Zinc surpasses iron in this particular at least three times, Ajj 
the statements of conductivity that have been drawn from galvanized 
iron conductors have hence been given much too low. The influence 
of a too powerful electrical discharge upon a conductor of galvanized 
iron is, in the first instance, to strip off its coating of zine by melting 
this more readily fusible metal. But until this is done the zinc aggigtg 
very materially in the transmission of the discharge. Practically it ig 
known that galvanized iron ropes effectually transmit discharges which 
could not be safely carried by ungalvanized ropes of the same diame. 
ter. The table is on this account worthless for the purpose for which 
it was avowedly prepared. It attributes to several of the authorities 
which are named views on the matter of the size of lightning-con- 
ductors which they would certainly not indorse. For instance, Mr, 
Preece, the eminent electrician, is represented as holding that a copper 
wire with a sectional area of only the one-hundredth part of a square 
inch is “sufficient to serve as a lightning-rod for any house.” The 
authority upon which this startling statement is made is a passage in 
the “Journal of the Society of Telegraph Engineers,” in which Mr, 
Preece says that he thinks “galvanized iron wire one quarter of an 
inch in diameter is sufficient for the protection of any house.” It 
needs no very large amount of acquaintance with electrical matters to 
enable the reader to understand that Mr. Preece would not himself 
have expressed the same confidence in a small copper bell- wire such as 
is given as the equivalent in the table of the report. Taken in con- 
nection with the omission of all reference to the increased resistance 
in long conductors, it might be inferred from this estimate that Mr, 
Preece would hold a small copper bell-wire, carried from the golden 
cross of St. Paul’s to the ground, to be a sufficient protection for the 
great metropolitan cathedral. 

In his “ Notes et Commentaires sur la Question des Paratonnerres,” 
printed in 1882, Professor Melsens complains that no notice of his sys- 
tem of numerous conductors of weak or small section has been taken 
in the code of laws of the Lightning-Rod Conference of London, even 
as a possible alternative of construction, a silence which he interprets 
as equivalent to a formal condemnation. He says: 


Still, I believed that the silence which the conference observes in its code 
of law upon the possible application of my system was equivalent to a con- 
demnation ; I should have been glad to see the conference pronounce, distinctly, 
without any reticence, either for or against the system as a whole, or in regard 
to its adoption concurrently with the lightning-rods which it prescribes or 
which it commends; the eminent savants who were a part of it would not have 
failed in that case to discuss the essentials, with great profit in the elucidation 
of the scientific and practical question, particularly on the points still snbject to 
discussion, and on which we still meet very opposite opinions. I have to regret 
deeply, especially in consideration of the ancient savants who are members of 
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the English commission, the silence which they have thought it their duty to 
keep respecting my new system of lightning-rods, while giving the regulations 
and laws which, according to it, secure the most efficacious protection, aside 
from all consideration of the constructors who advertise so largely, or who are 


protected by letters-patent. 


The distinguished electrician of Brussels is not without good ground 
for this complaint, but he may console himself for his disappointment 
in the approval of his system that has been accorded by other highly 
competent authorities. In his “ Report on Static Electricity and Para- 
tonnerres” at the International Exhibition of Electricity at Paris in 
1881, Professor M. E. Rousseau says : 

From the comparative examination that I have made, I am convinced that in 
each of the three constituent parts of which the lightning-conductor is composed, 
namely, the point, the rod, and the root or earth contact, the system of M. Mel- 
sens has a marked superiority over the old system; and, as MM. Angot and 
Nardi have remarked, must be regarded as efficacious as the old system, if not 
more so, besides being at the same time less costly.* 


M. Angot, the author of an able treatise on “Elementary Physics,” 
printed in Paris in 1881, speaks of Professor Melsens’s system of light- 
ning-protection as being “more efficacious, as well as less costly, than 
the older plan, and sure to come soon into general use.” M. Nardi, in a 
memoir on “'The Parafulmine of Melsens,” printed at Vicenza in 1881, 
describes the multiple system of points and rods and the large earth 
contacts adopted by Professor Melsens as being “the most rational, 
the most efficacious, the most easy to construct and fix, and the least 
costly of all the alternative systems of construction.” M. Mascart, 
Professor of Physics in the College of France, in his excellent treatise 
on “Static Electricity,” describes the entire system devised by Professor 
Melsens as ‘‘ forming, without any doubt, the most beautiful model of 
the paratonnerre that has been realized.” The frank and outspoken 
acceptance and praise of France, Italy, and Belgium may, therefore, 
fairly be placed as a set-off against what Professor Melsens feels to be 
the discourteous, if not condemnatory, silence of London. 

Since the appearance of the report of the Lightning-Rod Confer- 
ence a small volume has been published by “ Major Arthur Parnell, of 
the Royal Engineers,” ¢ entitled ‘The Action of Lightning, and the 
Means of defending Life and Property from its Effects.” In this little 
book the author has been at the pains to compile a reference to a very 
large number of accidents that have been occasioned by lightning. 
This, however, has been done for an ulterior and somewhat insidious 
purpose. He has a new theory of his own to propound, and a revolu- 
tion in the practice of lightning-rod engineering to propose. He wishes 

* Professor Melsens estimates that the cost of effective protection by the old system 
amounts to very nearly 44 francs the square metre, but by his system to only 0°66 of a 


franc the square metre. 
+ Now Colonel Parnell, 
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to do away altogether with the lightning-rod as a dangerous and gy. 
perfluous expedient, and to establish in its place a system of earth-buried 
plates and short earth-points surrounding the building. Space does 
not here permit an allusion to the various fallacies which are involyed 
in this heretical scheme. It will be enough for all practical purposes 
to say that the proper answer to the dangerous heresy is an appeal to 
the argument of facts. There are innumerable instances on record in 
which lightning has been seen to strike lightning-conductors with a 
luminous flash, and there are still more in which the extremity of the 
rod bears the traces of the passage through it of lightning; but in 
every case, if the rod has been of due size and properly constructed and 
fixed, the building associated with it has been entirely uninjured. The 
truth obviously is that the question of efficiency and safety entirely 
hangs upon the amplitude of the dimensions, the number and position 
of the points, and the completeness of the earth contact, of conductors, 
In any case where these are insufficient the lightning-rod is a source of 
danger. In every case where they are ample, and where the system of 
their establishment is sound, the protection is complete. It will be 
time enough to enter upon a consideration of the merits of the retro- 
grade course which is advocated in this ill-advised scheme when any 
single case of failure in a lightning-conductor of satisfactory dimen- 
sions, and of tested perfection of construction, has been established 
before a competent jury on incontrovertible grounds. The failures 
incident upon defective work—as all unbiased and properly trained 
thinkers are aware—are among the weightiest of the arguments that 
tell in favor of the employment of conductors. 

In a very large majority of the cases in which accidents have oc- 
curred to buildings which have been furnished with lightning-conduct- 
ors, the mischief has been actually traced by competent inquiry to 
some easily recognized fault or deficiency of construction. A very 
instructive illustration of the accuracy of this remark has quite recently 
presented itself in a form which is worthy of notice. Shortly after 
midnight, on the 26th of November, during a thunder-storm of some 
severity, a flash of lightning struck the lightning-conductor attached 
to the spire of Chichester Cathedral, and scattered a considerable por- 
tion of it into fragments. A letter from “A Fellow of the Royal As- 
tronomical Society ” forthwith appeared in the “ English Mechanic and 
World of Science,” drawing attention to the accident, and commenting 
upon it in the following words: “This seems to open a very serious 
question indeed, because, if so elaborate an affair as the Chichester con- 
ductor proved so much worse than useless when a thunder-storm came, 
what security have we that a similar disaster may not befall at, say, 
the Government magazines at Purfleet or elsewhere?” In reference 
to the accident which called forth this note of alarm, it may be at 
once, however, said that it belonged essentially to the class of occur- 
rences which have been pointed at in the beginning of this paragraph. 
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The conductor which was attached to the spire was not adequate and 
competent for the protective work which it was intended to perform. 
It had been put up sixteen years ago, when a new spire was erected in 
the place of the old one, which fell in consequence of having been add- 
ed as an after-thought to a tower that had not been prepared to bear 
its weight, and was of a form which is, happily, now obsolete. It 
originally consisted of twelve No. 15 gauge* copper wires arranged 
in a double series, side by side, and held together by a double strand 
of zinc and copper wire crossing them transversely, and acting as a 
kind of weft to the longitudinal copper warp. The conductor was 
thus a sort of ribbon of copper wire, with transverse binding-threads 
of zinc. The weight of the metal in this compound conductor was 
ten and a quarter ounces per yard, instead of being thirty-six ounces 
per yard, as it ought to have been at the very least if it had fulfilled 
the conditions that are now required for such a task as it had been 
required to perform. But, besides this, in consequence of having been 
exposed for sixteen years in its sub-littoral situation to the blasts of 
the’ moist sea-wind, the copper wires were in many places eaten into 
by corrosive action where the zinc wire of the woof crossed them, so 
as to reduce to some considerable extent their original conducting ca- 
pacity. The conductor was so fixed that it descended from the sum- 
mit of the spire along the slope, and along the face of the tower, then 
crossed the lead flashing of the roof, passed down the main wall of the 
building near the intersection of one of the transepts with the nave, 
and was finally plunged into a well dug into the grave-yard about 
twenty feet from the place where it reached the ground. At the time 
of the storm a flash of light was seen to pass along the upper part of 
the track of the conductor, and this flash was accompanied by an 
instantaneous crash of thunder, that awoke most of the slumbering 
inhabitants of the close. The destruction of the conductor, however, 
was not discovered until the second morning after the storm, when 
some shattered fragment was observed projecting from the tower. It 
was then found that about forty feet of the conductor at the top of 
the spire still remained uninjured in its place, but that for the next 
one hundred feet below this the woven metallic band had been scat- 
tered into a shower of short fragments of copper wire, which were 
strewed thickly upon the roof of the tower and of the lower building. 
These fragments were three quarters of an inch long, corresponded in 
length with the materials of the transverse crossings of the zine wire, 
and bore unmistakable indications of galvanic corrosion upon their 
ends. The lower portion of the conductor was uninjured, but one of 
the iron rain-pipes, which descended from the roof of the transept a 
few feet away, had been shattered by the discharge. It was therefore 
manifest that from the leaden covering of the roof downward the 
incompetent conductor had been assisted in its work by the roof and 
* That is, of one sixteenth of an inch in diameter. 
VOL. XxV.—52 
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its numerous iron rain-pipes, and this intelligibly accounted for itg 
own preservation through that portion of its course ; and it was also 
clear that the earth communication of the conductor was not ample 
enough for the transmission of the entire discharge, as, if it had been, 
the lower part of the conductor would have been shattered like the 
upper part, and the rain-pipe would have remained uninjured. The 
resistance of the earth communication of the conductor, measured 
through the uninjured fragment, was sixty-five ohms—that is, some 
twelve or sixteen times greater than under any circumstances it ought 
to have been. So far, therefore, from this maligned conductor being 
open to reproach, it had done exactly what it was scientifically bound 
to do, and what any expert could have foretold that it would do, 
under the circumstances which have been described. 

But the critic who sounded the note of alarm in “'The English Me. 
chanic ” was also egregiously wrong in another by no means unimpor. 
tant particular. The unfairly maligned conductor had not “ proved 
worse than useless when a thunder-storm came.” As some more ap- 
preciative commentator figuratively but not inaptly remarked at the 
time, it had “gallantly died at its post in the efficient performance of 
its duty.” Although the lightning-conductor was destroyed, the ex- 
ceedingly beautiful stone spire remained absolutely uninjured. It had 
not even a scar upon its face. This circumstance of the destruction 
of a lightning-rod of too narrow capacity without injury to the build- 
ing to which it is attached is by no means of infrequent occurrence, 
About five inches of the top of the second conductor which Franklin 
himself erected in Philadelphia were destroyed by a discharge, which 
was seen to strike the rod, and which also made itself visible in a lumi- 
nous blaze in the dry earth around its base; and Franklin adroitly 
claimed the incident as a proof that Nature itself had borne testimony 
in favor of his invention. The brass-wire conductor of the war-ship 
Jupiter was struck at sea on June 13, 1854, and the sixty brass wires 
of which it was composed were shattered into fragments the size of a 
pin. But no injury was done to the vessel. A large number of in- 
stances of a kind very similar to this well-known and altogether typi- 
cal case might be adduced did space permit. But it must not there- 
fore be inferred that so desirable a result is in the proper order of 
events. When 2 lightning-rod “dies at its post” in a successful de- 
fense, as in the memorable Chichester case, the auspicious issue is due 
to the accidental circumstance that no better extraneous earth contact 
is within the striking reach of the discharge. If this were the case, 
the lightning would certainly be diverted from the course of the con- 
ductor into the more facile way, and, in making its devious leap into 
the more available path, would be quite sure to leave the marks of its 
divergent passage in some undesirable form. It is on this account, as” 
well as because of the wasteful outlay which is required to supply a 
* new rod when an old one has been destroyed, that lightning-conduct- 
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ors of insufficient dimensions, and of bad principles of construction, 
are by no means to be looked upon with tolerance, to say nothing of 
favor, notwithstanding the occasional good service that may be en- 
tered to their account. 

Irrespective of all theoretical considerations, and upon purely ex- 
perimental and demonstrative grounds, it is possible in the present 
state of electrical science to definitely state what it is that an electri- 
cal engineer has to do when he undertakes to protect buildings against 
the destructive force of lightning. He has, in the first place, to make 
sure that, wherever the lightning can fall, it shall find an open and prac- 
tically unobstructed path to traverse in its passage to the ground. He 
is quite sure that the electric discharge will confine itself to the track 
of a conductor, and will pass quietly and harmlessly along it, provided 
its dimensions are adequate to the task of transmission, and provided 
the inlets and outlets are sufficiently capacious for its unimpeded 
reception and escape. It is a thoroughly established and altogether 
indisputable canon of electrical science that when a discharge has to 
pass through a conductor of too narrow size, and with obstructed inlets 
and outlets, it, of necessity, accomplishes its passage as a turbulent 
and ill-regulated force all the way, with a tendency at every step to 
make a devious outburst or overflow ; and that when it passes through 
a conductor of ample dimensions, and with unimpeded ingress and 
egress, it is devoid of all erratic impulse, and traverses the appointed 
channel as an obedient and well-trained power. The task of the en- 
gineer, therefore, resolves itself primarily into so arranging his appa- 
ratus as to keep the lightning in its well-ordered and harmless state 
so long as it is in the close neighborhood of buildings that might be 
injured by any uncontrolled outburst through a devious path. There 
are three ways in which he can seek to accomplish this purpose. He 
can multiply and, as it were, enlarge the gates of ingress by increasing 
the number of his air-terminals and earth contacts through which the 
discharge may have to be gathered into the conductor. He can aug- 
ment the dimensions and the carrying capacity of the conductor, and 
he can amplify the outlets of escape, whether in the direction of the 
cloud or earth. Where these conditions have been properly secured, 
there is not the most remote probability that the conductor will fail in 
its appointed task. This is not a question that is now open to doubt. 
It is as certain that the lightning will traverse a well-arranged and 
competent conductor, rather than the building to which this is attached, 
as it is that the electric spark from the charged conductor of an elec- 
trical machine will strike a brass ball and rod, and will not strike a 
stick of sealing-wax or of dry wood, when these are presented side by 
side. As a matter of fact it is sometimes imperfectly insulated tracts 
of the surface of the earth that are inductively charged by the propin- 
quity of an overhanging storm-cloud, and sometimes the overhanging 
cloud that is inductively charged by disturbances originating in the 





820 ‘THE POPULAR SCIENCE MONTHLY. 


ground. But the conductor provided by the electrical engineer agt, 
in precisely the same way, and with equal efficiency, in either case, J 
provides the means by which the electrical disturbance may set itself 
at rest in a quiet and unexplosive way. The chief danger that has to 
be feared is the purely economical one that there is always a tendency 
on the part of the imperfectly informed public to limit too narrowly 
the cost, and in that way to impair the efficacy, of the engineer’s work, 
The duty of the engineer is, summarily, to see that his building is ade. 
quately covered above by the lines of the conducting network, that 
the main channel of his conductor is ample for any storm overflow that 
it can, by any possibility, be called upon to accommodate, and that 
the outlet to the earth is capacious and free. Even in the present state 
of electrical science it can, with the utmost confidence, be affirmed, 
not only that wherever destructive accidents have occurred in associa- 
tion with lightning-conductors, such accidents have, in every case, been 
due to the circumstance that the conductors have been of faulty con- 
struction, but also that in by far the greater number of instances the 
fault has been in the least conspicuous and least obvious part of the 
apparatus, where the earth contact has to be established. In his report 
on the lightning-conductors of the Paris International Exhibition, Pro- 
fessor Rousseau states that it is in this particular that lightning-rods 
most generally and most flagrantly fail. In one passage of the report 
he says : 


I do not know whether I have defined with sufficient precision what is im- 
plied in a good communication with the earth, but I think the principle, at any 
rate, may be laid down that the communication of a lightning-conductor with 
the earth can not be considered good if it is inferior to that of any masses of 
metal that: lie in its close neighborhood. If this is the case, it may be antici- 
pated, as has so frequently been found, that the lightning will quit the paraton- 
nerre to pass to the object which is in better communication with the earth. It 
is thus that buildings have been frequently set fire to by lightning which has 
leaped from paratonnerres to gas-pipes. In one notable case, after striking the 
conductor of a church in New Haven, United States, the lightning left the con- 
ductor to pierce a brick wall fifty centimetres (nearly twenty inches) thick, to 
get at a gas-pipe which rose twenty feet out of the ground a little distance off. 


We ourselves some little time ago investigated the nature of an ac- 
cident occasionéd by lightning, which so strikingly confirms the views 
expressed by Professor Rousseau that it is worthy of being specifically 
brought under notice here. In the year 1865 the tower of the church 
of All Saints, in Nottingham, was struck by lightning during a severe 
thunder-storm. The tower was one hundred and fifty feet high, and 
had a small rope of copper wire, intended to serve as a lightning-con- 
ductor, descending along its west face from one of its corner pinna- 
cles to the ground, where the rope terminated by being coiled round a 
stone buried a few inches in the dry soil. On the inner face of the 
* same wall of the tower, near its base, and only separated from the con- 
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ductor by a solid stone wall four feet six inches thick, there was fixed 
a gas-standard of iron, which was used in lighting the church. The 
lightning in its descent left the conductor at this point, and passed 
through the solid mass of masonry, to reach the standard, knocking 
out a large circular breach in the stone-work by the way. It preferred 
to take this devious path, and to avail itself of the facilities which the 
capacious gas-main connections of the town afforded it for the accom- 
plishment of its escape into the earth, rather than to embarrass itself 
with the still more onerous task of forcing its way into the dry soil 
at the bottom of the tower, through the too briefly terminated coil 
of the rope. The floor and pews of the church were found to be on 
fire the day after the storm, and some considerable mischief was done 
before the conflagration could be stopped. This fire was almost cer- 
tainly due to the circumstance that the gas-pipe from the standard 
was connected with the meter and the mains by means of a short 
length of soft fusible gas-pipe in a small basement-room under the 
floor of the church. But, when an investigation into the cause of the 
fire was subsequently instituted, no one seemed to be able to say 
whether an escape of gas from the injured pipe had been lit up at the 
time of the lightning-discharge, or whether the actual lighting of the 
gas was due to some subsequent introduction of a burning flame into 
the neighborhood of the gas-meter. 

The obvious method of guarding against accidents of this class is 
the simple expedient, wherever gas-pipes are concerned, of connecting 
the termination of the conductor directly, by means of a sufficiently 
ample metallic band, with one of the large iron pipes of the general 
system of the mains. If this had been done with the lower extremity 
of the rope, in the case of the tower of All Saints Church, instead of 
merely twisting it around a stone in the dry surface-soil, the injury to 
the wall at the bottom of the tower, and the consequent train of acci- 
dents which culminated in the burning of the floor of the church, 
would have been physically impossible. The lightning would then 
have gone through the large, open, and direct route to the mains in- 
stead of piercing a stone wall four feet six inches thick, and leaping 
across a small fusible gas-pipe to get there. . 

The case is precisely of the same nature as the accidents alluded 
to by Professor Rousseau. The earth communication of the copper 
rope being inferior to that of the neighboring gas-pipe, the lightning 
quitted the rope to get at the ground through the pipe. No more 
striking and instructive illustration of the danger of insufficient earth 
contacts could possibly be furnished. 

A still more curious illustration of a somewhat similar kind oc- 
curred at Chichester, simultaneously with the destruction of the light- 
ning-rod which has been already alluded to. The boundary of the 
cathedral close in one direction is marked by a tall and stout iron rail, 
which divides its precincts from the main street of the town. On 
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the side of this street which is opposite to the cathedral stands the 

Dolphin, the principal hotel of the city. About an hour after the 

accident, and while the inmates of the hotel who had been startled 

by the lightning and thunder were still awake, and in some alarm, a 

smell of fire was perceived to be pervading the house. The landlord 

at once rose and proceeded to investigate the cause, and was led by 

the odor of burning wood to one of the cellars in the basement, where 

he found the small gas-pipe fixed to furnish it with light melted for 

several inches, a large flame issuing from the improvised gap, and a 

beam of wood a little above the blaze already on fire. A thorough 

and exhaustive examination of the place at the time, and afterward, 

revealed no trace anywhere else of the passage of the lightning. A 

water-pipe running in from the outside main, however, transversely 

crossed, and almost touched, the gas-pipe as this descended from the 

ceiling to the bracket, and just where the gap had been made. The 

popular notion among the servants of the hotel was that the lightning 

had come in through some open cracks in the cellar-door from the 

pavement of the street, that it had run along the water-pipe, and that 

it had cut through the gas-pipe as it passed across. The more scientific 

explanation of the insidious invasion by fire, in the dead of the night, 

no doubt is that, when the discharge of lightning issued from the cloud 

to the earth, it had scattered itself in various directions, using such 

stepping-stones by the way as offered in its path. One part of the 
discharge, then, first seizing upon the gas-pipes connected with the 

street lamps, took a course through them to reach the earth, but, com- 

ing opportunely by the way across the water-pipe in the cellar of the 
hotel, transferred itself to that pipe on account of the greater facili- 
ties that were offered by it for making an easy and good earth contact 
through the largely expanded subterranean mains, but “sparked ” as it’ 
passed from pipe to pipe, and in doing so opened a breach in the small 
fusible metal wire, and lit the gas as it began to escape. The flame then 
enlarged the breach by melting a considerable portion of the pipe, and 
was making good progress toward burning down the house, when its 
mischievous proceedings were happily discovered, and arrested in the 
manner which has been described. 

The telegraph-wire which, according to the opinion of Mr. Preece, 
may be sufficient for the protection of any house, is also, it must be 
remembered, capable of acting as a source of very considerable danger 
in circumstances that are by no means unfrequently encountered in 
the arrangements of every-day life. At the time of thunder-storms, 
portions of the electrical discharge are apt to be conveyed into the 
interior of buildings by telegraph and telephone wires that are dis- 
tributed to them for the service of signaling-instruments, and may possi- 
bly set fire to badly conducting and inflammable substances that chance 
to be in connection with them. Instances of this form of accident 
+ are now Often met with, especially in situations where telegraph-wires 
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are carried to outlying post-offices over high and exposed tracts of 
land. In such cases it is, most generally, not the full force of the light- 
ning-discharge which effects the mischief, but the partial and second- 
ary discharges which take place in consequence of the influence of in- 
duction. The long stretch of insulated wire, having been inductively 
charged by the near approach of some storm-cloud, sympathetically 
discharges itself of its accumulated force when the tension of the 
cloud is relieved by an outburst of lightning in some other direction. 
The shocks occasionally experienced by telegraph-clerks when hand- 
ling their instruments during the prevalence of thunder-storms in the 
neighborhood are due to this cause. It sometimes happens, however, 
that an actual discharge of lightning does involve a telegraph-wire, 
and such discharge is then usually distributed so that it passes to the 
earth in small, broken outbursts wherever it can find an outlet. In 
such instances enough of the fragmentary discharge may fall to the 
share of some signaling-office to produce very grave mischief. Tele- 
graph-wires should, on this account, never be carried into the interior 
of dwelling-houses, or of inhabited places, without appropriate ar- 
rangements having been made to neutralize the risk. The plan which 
is most usually adopted for the protection of instruments and opera- 
tors in such circumstances consists in the ingenious expedient of arrang- 
ing two broad metal plates so that their contiguous surfaces be face 
to face a very small distance apart, one of the plates being in imme- 
diate connection with the telegraph-wire, while the other is in com- 
munication with the ground. The narrow interval between the two 
plates is then sufficient to prevent any escape of the ordinary electri- 
cal current of low intensity which is employed in telegraph work, but 
upon the occasion of the wire becoming accidentally charged with an 
electrical force of high intensity, such as is produced by the agency of 
the thunder-cloud, this leaps through the narrow space by virtue of 
its superior explosive power, and so escapes harmlessly to the earth, 
instead of making its way through some more devious and dangerous 
route. The plates are, of course, designedly fixed where they serve to 
intercept the discharge by the temptation of the more open and free 
passage to the earth, and in that way divert it from the dangerous 
course which it would otherwise pursue. 

The best course for the electrical engineer, who is planning the pro- 
tection of any building against lightning is, therefore, on account of 
the various considerations which have been urged, to begin with the 
arrangement of that which is the primary essential, the earth contact. 
In towns where there is a large system of water-supply and gas dis- 
tribution at hand, this is generally an easy task. But it by no means 
follows that, where the main pipes of water and gas supplies are not 
available, a square yard of sheet-copper or iron, buried in the ground, 
can in all cases be accepted as a satisfactory earth connection. It cer- 
tainly would not have been so in the instance of All Saints Church. 
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In the circumstances which have been described in speaking of the 
accident there, a yard-square earth-plate could not have been depended 
upon to prevent the mischief. The lightning would still have pre- 
ferred the largely developed root of the gas-mains to any such puny 
substitute, although such an earth-plate, well bedded in moist ground, 
might have served all purposes in the absence of so formidable a com. 
petitor. The condition of safety is that which has been so well stated 
by Professor Rousseau. The communication of the conductor with the 
earth must not be inferior to that of any neighboring mass of metal, 
When the arrangement for the earth connection has been efficiently 
settled, the conductor may be carried up from it, and this may with 
equal assurance be done either upon the single-rod system of Gay-Lus- 
sac or upon the multiple-rod principle of Professor Melsens, so long ag 
the building is of moderate size and of a compact form. But, if the 
building is of large dimensions and of irregular form, the single con- 
ductor would of necessity have to assume an approximation to the 
multiple type, as the main stem is branched out above to bring every 
gable and turret and pinnacle of the structure under its protection, 
It is only when it has been completed by a broadly cast net of me- 
tallic meshes and lines that the old early dogma of the protected 
area can be now allowed to survive even in the mind of the engineer, 
When the work of construction has been so far carried out it is still, 
however, not to be looked upon as complete until the stamp of efli- 
ciency has been placed upon it by the application of the final test, 
which the advance of electrical science has now placed in the hands 
of the constructor. It is the crowning distinction of this system of 
defense that by a very easy process it can be at once ascertained 
whether all the arrangements of the engineer have been properly car- 
ried out. By the employment of the ingenious piece of apparatus 
which is known as the “ Differential Galvanometer,” the electrician 
can in a few minutes ascertain what the resistance is that would be 
offered between the air-terminal and the earth communication of a con- 
ductor, if a discharge of lightning fell upon the rod. That resistance 
must never be left unheeded if it amounts to anything in excess of the 
quantity which is technically known as two ohms, It is quite possible, 
indeed, by the exercise of judgment and skill, to reduce the resistance 
in every case somewhat below that. With a conductor which has re- 
cently been erected upon the Hall of General Assembly in Edinburgh, 
it was found at the final test that the earth resistance was only the 0°7 
of anohm. But the galvanometer test must not only be applied as 
the last step of the construction ; it must also be drawn upon from 
time to time, and at not too distant intervals, to ascertain how far the 
originally well-conceived and well-executed work is or is not in process 
of being injuriously affected by the physical agencies that are at all 
times in antagonistic operation to the constructive efforts of man. The 
free and frequent use of the testing galvanometer is, indeed, the natu- 
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ral consummation of the beneficent work which was initiated by Frank- 
lin one hundred and thirty years ago. Without this instrument the 
lightning-conductor is a hopeful and very generally helpful expedi- 
ent. But, with the galvanometer, it is now assuredly competent to 
take rank as a never-failing protection.—_Zdinburgh Review. 
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THE MORALITY OF HAPPINESS. 
Br THOMAS FOSTER. 


CLosinc REMARKS. 


remains only now that I should consider the general conclusions 
ae which our discussion of the subject of happiness as a guide 
to conduct may appear to have led us. 

\ Let me note, yet once more, that those have entirely misappre- 
hended the whole drift of this series of papers who imagine, as many 
still seem to do, that my subject has been the morality of being happy, 
the propriety of seeking after happiness. The mistake appears so ab- 
surd, when the nature of the reasoning I have advanced is considered, 
that it would seem hardly worth while to correct it, seeing that no one 
who could fall into such a mistake could (one would imagine) in the 
least profit by any explanation or correction. Yet the mistake has 
been made by several who are clearly not devoid of capacity alike to 
render and to receive a reason. I have, therefore, felt bound to cor- 
rect it as far as possible, and, as several letters recently received show 
that the error is still entertained, I have now to correct it afresh. Let 
me explain, then, that the object of these papers has been to show 
what sort of moral law is likely to arise, and what law appears actually 
to have arisen and to be in progress of formation, when the guide 
of conduct is the increase of happiness—individual happiness, and the 
happiness of those around us, with due regard to the proper apportion- 
ment of altruistic and egoistic happiness. I have not examined such 
questions as, What is happiness? What kind of bappiness is worthi- 
est ? and so forth. I have taken, as included in the term “ happiness,” 
all the various forms of pleasurable emotion of which the human race 
is susceptible, while all the various forms of painful emotion to which 
we are exposed have come naturally into consideration as all involving 
greater or less diminution of happiness. With the development of the 
human race, or of any part of the human race, in one direction or in 
another (for development is multiform), we find that ideas about pleas- 
ure and pain become modified in various ways. And it has been a 
special part of our subject to consider how the lower forms of pleas- 
ure, those related first to the physical gratification of self, and next 
those related specially to self but otherwise of higher type, give place 











826 THE POPULAR SCIENCE MONTHLY. 





gradually to the higher gratifications arising from altruistic relations, 
But, apart from such considerations, our whole inquiry has been into 
the development of conduct by the natural operation of those laws 
which influence the development of happiness. 

In passing I would, however, note that the law of conduct thug 
considered is by no means that abstraction which has been called “the 
happiness of the greater number,” according to which each person ig 
to regard himself and to be regarded as one, while the rest, being 
many, are to be regarded as of very much greater importance. This 
abstraction has riot and never had any value whatever, as a rule of 
conduct, either in a man’s self or in his relation to others. Even if we 
can adopt any meaning for the word happiness as thus used, it will be 
found that no rational way of apportioning the happiness thus regarded 
as a sort of common property, can be conceived. If the law instead of 
being an abstraction were real and could be definitely applied, it could 
result only in this, that each person, being but one, should utterly neg- 
lect his individual welfare in favor of the general happiness, and, ag 
it can be readily seen that no benefits he might receive from those 
around him (obeying, we may assume, the same law) could possibly 
compensate for the direct and immediate effects of this complete self- 
abnegation, it follows that a community of persons obeying this law 
would be a community of miserable beings ; so that obedience to this 
law for obtaining general happiness would in reality insure universal 
misery. 

Taking concrete instead of abstract happiness as the guide of con- 
duct, were cognize far different results. We see that, though there must 
of necessity be a compromise between egoistic satisfactions and altruis- 
tic cares, the compromise need by no means imply antagonism. Re- 
gard for the welfare of others, though in its inception more or less of an 
effort, becomes more and more spontaneous as social relations develop. 
After spontaneity has been attained, altruistic actions involve more 
and more of egoistic satisfaction. Conversely, the care of self, which 
in the earlier stages of social development appears to involve more or 
less of disregard for the interests of others, becomes more and more 
altruistic in its effect as society advances. Thus also we recognize the 
answer to what at first might seem a difficulty, viz., that with the im- 
provement of social relations the opportunity for altruistic actions 
might seem likely to steadily diminish. We see that the domain avail- 
able for altruistic actions changes in position rather than in extent ; 
nay, that such change of extent as actually accrues is toward increase, 
In a society where, owing to the steady improvement of the relation 
between egoistic and altruistic interests, the number of those depend- 
ing for their happiness or even for their existence on altruistic cares 
has steadily diminished, the number of those who are the subject of 
altruistic emotions will as steadily have increased. Sympathy becomes 
‘more widely extended, its development becomes surer and more rapid, 
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as its operation becomes more pleasurable, and a change of this sort 
can not but take place as occasions for directly altruistic actions, such 
as arise out of pain and suffering, become less frequent. 

With increased spontaneity in altruistic actions, more pleasurable 
feelings in the discharge of altruistic duties, and a wider range for 
altruistic emotions, will inevitably come such an evolution of conduct 
as must tend greatly to increase the well-being of the community. The 
care of self will be felt as a duty to others ; due care of others will be- 
come a source of gratification to self. Society will be simply, on an 
enlarged scale and in a more varied form, such a community as might 
be formed by a number of kindly, well-meaning persons, of good 
capacity and pleasing manners, brought together for purposes of travel, 
research, or pleasure. In such a community it would be felt that each 
person’s first duty was to take due care of self, first as just to himself, 
and secondly (yet chiefly) as a duty to the rest of the community. But 
it would also be felt by each member of such a community that he must 
be careful of the interests of others, ready to be of use to any other 
members of the community who required assistance such as he could 
give individually, or to combine with others where the assistance of 
several might seem ‘to be required. Picture the relations of such a 
community, all of good-will, kindly, and anxious that the business of 
the community should go on so as to give pleasure to all, and it will 
be at once seen how little there is of actual selfishness in due care of 
self, how such care may be, nay, must be, a duty owed to all the rest ; 
while, on the other hand, it will become clear also how each member 
of such a community is interested in the existence among all of a kind- 
ly interest on the part of each in the well-being of the rest. The social 
body, whether we consider the family, or the gathering of families 
into communities, or the collection of communities into nations, or the 
multitude of nations which form the population of the earth, may be 
regarded as an aggregate which should be pervaded by such ideas as 
are found essential for the comfort and happiness of gatherings casually 
brought together. The due subordination of self to others in certain 
relations, and of others to self in relations not less important, which is 
found in all such gatherings on a small scale and of comparatively uni- 
form character—as in the passengers on an ocean-steamship, the mem- 
bers of a company of travelers, the fellows of a scientific expedition, 
or even a pleasure-party—is what is necessary for the well-being of the 
body social ; and out of this necessity, instinctively recognized, and 
exercising its influence steadily in the process of the evolution of races, 
nations, and the human family as a whole, seem to have sprung all 
those duties between man and man, between race and race, and be- 
tween nation and nation, which form the present code of social morals, 
and will hereafter—developed and improved—form the moral code of 
perfected man. ‘“ What now, in even the highest natures,” as the 
great teacher of our day says, “is occasional and feeble may be ex- 
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pected with further evolution to become habitual and strong ; ang 
what now characterizes the exceptionally high may be expected event- 
ually to characterize all. For. that which the best buman nature jg 
capable of is within the reach of human nature at large.” 

“ That these conclusions,” Mr. Spencer goes on to say, “will meet 
with any considerable acceptance is improbable. Neither with current 
ideas nor with current sentiments are they sufficiently congruous. Such 
a view will not be agreeable to those who lament the spreading dis- 
belief in eternal damnation ; nor to those who follow the apostle of 
brute force in thinking that because the rule of the strong hand wag 
once good it is good for all time; nor to those whose reverence for 
one who told them to put up the sword is shown by using the sword to 
spread his doctrine among heathens.” From ten thousand teachers of 
a religion of love who are silent when a nation is moved by the religion 
of hate will come no sign of assent ; nor trom those priestly lawgivers 
who, “ far from urging the extreme precept of the Master they pretend 
to follow, to turn the other cheek when one is smitten, vote for acting 
on the principle, Strike lest ye be struck. Nor will any approval be 
felt by legislators who, after praying to be forgiven their trespasses 
as they forgive the trespasses of others, forthwith decide to attack those 
who have not trespassed against them. But though men who profess 
Christianity and practice Paganism can feel no sympathy with such a 
view, there are some, classed as antagonists to the current creed, who 
may not think it absurd to believe that a rationalized version of its 
ethical principles will eventually be acted upon.” 

Finally, I would ask those who have followed me thus far to note 
how all the duties we have considered, both egoistic duties and altru- 
istic ones, may be seen with advantage from a different point of view 
and in a changed aspect, though unchanged in reality. We are in 
the habit of regarding the study of moral laws always from the per- 
sonal side, and nearly all teachers in such matters (one might almost 
say all) view the subject in this way, since, even when laying down a 
code of morals, they present each law as it appeals to the reason and 
should affect the conduct of the individual. But it should be remem- 
bered that a moral law which commends to each man a particular line 
of conduct, is a law which, if accepted and followed by all, influences 


each man by the effect it produces on all the rest. Thus, a rule of | 


conduct seemingly egoistic, and really egoistic as affecting the indi- 
vidual, becomes, in any society which accepts and obeys it, purely 
altruistic in its effect ; while, per contra, a law seemingly altruistic 
in terms becomes purely egoistic in influence. If, instead of indicating 
a due regard for self and a proper subordination of self to others, our 
study of the morality of happiness had indicated as best for the com- 
munity a series of duties directed solely to the benefit of self, yet the 
adoption of such a moral code by all men would be altogether unself- 
ish, seeing that it would mean the forsaking of all right or title to 
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help or sympathy from others ; and others are many, while self is but 
one. If, on the other hand, we had found a system of perfect altruism 
commending itself as best, the acceptance of such a system would be 
no sacrificing of self to others, but would mean the acceptance of the 
principle that every one else was bound to assist in all his ways and 
wishes the accepter of this seemingly altruistic code—to sympathize 
with him in all his sorrows, and to care for him far more than for 
themselves. We have not been led to recognize any such abnegation 
of self on the one hand, or regard for self alone on the other hand, as 
desirable ; but, in such degree as we have seen a regard for self to be 
desirable, we have in reality been led to the recognition of the rights 
of others (since each self is another to all others), while, in such degree 
as we have seen that each should consider not only the rights but the 
requirements of others, we have been led in reality to the recognition of 
the rights of each man to the assistance and sympathy of his fellows. 





THE CHOLERA-GERM. 
By E. K. 


T the present moment, when the Continent has again become the 
battle-field between cholera and the human race, all questions 
concerning the cause, diffusion, and prevention of the cholera-virus 
must take a prominent place in the deliberation on the best sanitary 
measures to be adopted in combating this insidious foe. Almost all 
practical preventive measures in this country and on the Continent 
as regards cholera and other infectious maladies are based on the as- 
sumption—supported by a good deal of evidence both theoretical and 
practical—that the virus is particulate, and, as indicated by its self- 
multiplication within the affected person, is a living organism. But 
the nature of this supposed organism of cholera has, until quite re- 
cently, been altogether mysterious. As is well known, Professor 
Koch and colleagues, sent out last year by the Garman Government 
to investigate the cholera in Egypt and India, have ascertained that 
in the rice-water stools voided by patients suffering from the disease 
there are present, besides micrococci and bacilli, common to the evacu- 
ations of other than cholera patients, peculiar curved bacteria, so- 
called “comma-shaped” bacilli, which Koch has not been able to 
discover in any cases of diarrhea. These “comma-shaped” bacilli 
Koch has succeeded in isolating by artificial culture. Unfortunately, 
cholera has hitherto not been found transmissible to the lower animals, 
and therefore the function of these “comma-shaped” bacilli must at 
present remain unknown. All we can therefore say is that Koch has 
shown that in cholera evacuations there exist, besides micrococci and 
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straight bacilli, other organisms also characterized by this—that they 
are curved or comma-shaped. Whatever else has been said by Koch, 
his followers, and critics, scientific and daily papers, as to these 
“comma-shaped” bacilli being the cause of cholera, is simply and 
purely a supposition, which, as we shall presently show, is wanting 
in the most essential elements. 

First and foremost, Koch has been unable to find anything of this 
“comma-shaped ” bacillus in the blood or tissues in any stage of 
cholera. Now, all experience on cholera teaches that, whatever its 
cause may be, the alimentary canal is not the only passage through 
which the cholera-poison enters the system, but that its entrance 
through the respiratory organs is also an established fact. For this 
reason it is necessary to assume that, as in other infectious diseases, 
it passes through the blood and system in the stage of incubation of 
the disease. The symptoms of cholera, the whole nature of the dis- 
ease, shows that it is not a local distemper of the alimentary canal, 
but that the latter is merely asymptom of the malady, as much ag 
in typhoid fever the distemper of the ileum and spleen, or in scarla- 
tina that of the skin, throat, and kidney. Had Koch found the 
“comma-shaped ” bacillus in the blood or the tissues, e. g., the blood- 
vessels of the alimentary canal, mesenteric glands and spleen, the 
nature of this “comma-shaped ” bacillus would have been as obscure 
as ever, but still there would have been some sure element in the 
chain of surmises. Of course it might be argued, and as a matter of 
fact it is argued by Koch in the reports to his Government, that the 
bacillus, having found entrance into the cavity of the intestines, there 
multiplies, and produces some ferment, which, absorbed into the sys- 
tem, sets up the whole chain of appearances constituting the symptoms 
of cholera. This is quite possible, and, to a certain limited extent, is 
borne out by experience, notably in the case of putrid or pyxmic 
poisoning, where, owing to the presence of putrefaction in a wound, 
the products of putrefaction—the sepsin—absorbed in sufficient quanti- 
ties into the system, create the above disease, often terminating fatally. 
In this case no specific organisms are detected in the blood or tissues ; 
their presence is limited to the wound only, and their effect is merely 
this, that some ferment—ptomaine or some other substance—produced 
by them is absorbed into the system. 

That this should also be the case in cholera is, as we just said, 
possible, but it is not probable, for the simple reason that the cholera- 
virus in a large percentage of cases enters the system by the respira- 
tory organs, and therefore it must be assumed in these instances to 
pass into the general circulation, and consequently, if it is to be identi- 
fied, must be identified in the blood or tissues. 

The practical consequences of an assumption that the cholera-virus 
passes into, the system exclusively by the alimentary canal, and that 
it has its breeding-ground in the latter only, are so great, that before 
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acting on such an assumption the basis for it ought to be established, 
which it certainly is not. | 

Secondly, is it a well-established fact that this “ comma-shaped ” 
bacillus is present only in cholera evacuations? If it should be found 
that this bacillus is absent from the alimentary canal in all other dis- 
eases, then we could at best recognize it as pathognomonic, but it by 
no means follows that it is also pathogenetic. 

I have lately had the opportunity of inspecting this “comma- 
shaped” bacillus in specimens prepared by Koch, from the rice-water 
evacuations, and also in artificial cultures, and I have fully convinced 
myself of its reality. But I possess prepared specimens of evacuations 
of patients suffering from severe diarrhea (in an epidemic outbreak 
of diarrhea in adults in Cornwall in the autumn of 1883, and investi- 
gated by Dr. Ballard, Inspector to the Local Government Board), in 
which specimens, besides micrococci and straight bacilli, there are 
undoubtedly present bacteria which, in shape and ‘size and mode of 
staining, so closely resemble the “comma-shaped” bacilli of cholera 
that I am unable to discover a difference between them. I have, how- 
ever, not made any artificial cultivation of them, and therefore can 
not say whether there exist any differences between the two, notably 
as regards their mode of growth. 

Here is one other point tp which we wish to draw attention: as 
Cohn (“Beitrige zur Biologie der Pflanzen,” Heft ii) has shown, and 
as is now generally accepted, a rod bacterium which is characterized 
by being curved is regarded not as a bacillus but as a vibrio ; and it 
is not quite clear why, unless for the sake of novelty, Koch, generally 
accepting Cohn’s terminology, should in the case of the cholera bac- 
terium have deviated from it, and should not rather have spoken of 
it as a vibrio, because a vibrio, and particularly a Vibrio rugula (sp. 
Cohn), is the organism which he describes as a “ comma-shaped ” 
bacillus. —Vature. 
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» Ryser the most striking features of the popular life and thought 
which the student of the different races of mankind has to con- 
sider are the ideas and usages that are grouped around death. The 
fact of death, on account of its absolute certainty as well as on ac- 
count of its nature, is the incident of human existence that has struck 
all peoples with the most solemn impressiveness. If there are any 
races who appear indifferent to death, it will most prebably be found 
on examination that their feeling is not the natural one, but the result- 
ant of modifications that have been impressed upon it by some feature 
of their religious system or under the influence of peculiar ideas of 
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duty and virtue. The ancient Egyptians, so far as their monuments 
have revealed them to us, lived in constant view of death, and made 
the preparation for it, both for the care of their bodies and the salya. 
tion of their souls, the most important work of their lives. No other 
people seem to have paid so paramount attention to it ; but few if any 
tribes have ignored it or relegated it to an insignificant place. 

The ideas about death and the customs associated with it are ag 
various as are the tribes. They have been formed under the influence 
of the surroundings and local circumstances among which the people 
have lived, have been molded by religious beliefs and institutions, and 
have been affected by historical changes. A substantial sameness in 
reference to them prevails at this time among civilized nations, particu- 
larly in the higher and more cultivated classes ; but, even in these na- 
tions, we have to go only a little way into the rural districts, among 
the peasantry, to find the most quaint and curious customs still in 
vogue, coming down from the times of heathenism and barbarism, 
before conventionality had become the potent social force that it is, 
Very interesting illustrations of these survivals of old-time notions 
may be found in the provinces of Hungary, whose polyglot nationali- 
ties of various origin and history have hardly yet begun to feel the 
influences that have nearly reduced the busy population of the cities 
to a European homogeneity. A few of the most striking customs of 
these peoples have been studied by Herr Hugo Klein and described by 
him in “Das Ausland,” and from his article is derived what follows in 
that division of our subject. 

A characteristic of the funeral ceremonies of the Magyars is the 
‘ feast which is eaten by the relatives and friends of the deceased after 
the burial, and is frequently accompanied by religious songs. The 
custom is beautifully illustrated in Palota, where the hymns are sung 
as the guests separate. The singing is continued on the streets, and 
the soft, clear tones of the dirge can be heard in all parts of the town. 
In Agard, fruit-trees are planted around the graves, to mark them in 
the years to come after time and the elements have removed the 
wooden crosses that are set at their heads. In Bonghad, the dead 
were formerly escorted with torches to their eternal rest. 

The funeral pomp formerly displayed by the Magyars in Transyl- 
vania reached a mark that defies description. The coffin was covered 
with gold-embroidered velvet fastened with silver nails bearing the 
arms of the deceased. The man’s weapons and the woman’s jewels 
and dresses, frequently to the value of many thousands, were deposited 
in the grave. If the deceased was a great land-holder, the bells were 
tolled twice a day from ihe time of death till the burial, and all the 
families within the circle of his acquaintance were invited to witness 
the ceremonies, so that sometimes the village could hardly contain all 
who came. Special officers were appointed to direct the proceedings, 
" and these, with the magnificent catafalque and the two armored knights 
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who rode by its side, followed by the favorite horse of the deceased, 
and an attendant carrying his arms plated with silver, or a banner in- 
scribed with his epitaph, constituted an imposing head to the long pro- 
cession of black- or purple-clad mourners and guests. The services in 
the church were set off in a corresponding style. Many persons spent 
the income of weeks for prayers to be said for the deceased, to drape 
churches in black, to dress a legion of servants in mourning, or to fur- 
nish the torches for the funeral ; and sometimes large collections of 
eulogies and verses were published to commemorate the good deeds 
which the dead man had performed in life. Funerals are told of that 
cost from ten to twelve thousand gulden—an immense sum in those 
days. The extravagance of these observances finally reached such a 
height that an ordinance had to be promulgated in 1747, limiting the 
expenditure that could be allowed. 

In the grave-yards of the Palovzes, in the counties of Borsod and 
Heves, may be seen here and there pyramidal monuments of stone, with 
niches in their sides for images of the saints. They are a survival from 
the ancient heathen altars of these people, the Kumanians of old, which 
were erected in honor of the sun-god ; and to this day also may be 
seen on many of the houses of the Palovzes the symbol of the pyramid 
with Baal’s eye, the use of which has come down from generation to 
generation, without the peasants knowing what it means. Children 
who die still-born, or without having received baptism, are buried 
as near as possible to the pyramidal monuments. It is a part of the 
folk-lore of the Palovzes that the little ones who are laid to rest near 
these Baal-pillars will at the end of seven years come out from their 
graves,,when, if some good soul will come near them and utter the 
baptismal formula, they will immediately become little angels and go 
to heaven ; but, if the baptism is not given, they will have to wait 
seven years longer for another opportunity to be released. Many 
other reminiscences of Baal-worship survive among these people. 
The mother who has lost a young child wraps her head, as a sign of 
mourning, in a fiery red cloth. The former prevalence of cremation is 
indicated in the custom of burning the clothes which the deceased 
wore last. The tear-jugs of the ancients may still be found in the 
houses, of exactly the old form and size, but destined to a quite 
different purpose. Another peculiar custom at the funeral feast 
is to lay a plate with salt and bread upon the table, for the use 
of the soul of the departed one, if it should appear in the circle of 
friends. 

The Servians put lighted candles in the hands of their dead, and 
@ saint’s image on their breast, and set lights around the bier, They 
leave all the furniture in the house undisturbed, so that the released 
soul shall not lose its way. For several days food and drink are 
taken to the grave. 

The Roumanians preserve many of the customs of the Romans, 
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from whom they claim descent. Men who have lost their wives sig. 
nify their mourning by going bareheaded for six months. 

To the Ruthenians, death is a greatly dreaded visitor, and call 
out most demonstrative expressions of grief. They now put the Pipe 
and tobacco-box of the deceased in the grave, as in ancient times th 
used to deposit his armor there. All the furniture is removed from 
the place before the dead man is taken from the house, so that the 
escaping soul shall not be held back by its attachment to the familiar 
arrangement of the room—a custom which in itself, and in the thought 
that suggests it, contrasts curiously with the Servian fashion. When 
the coffin is being borne out, it is set down upon the door-step, so 
that the walls of the house may know that one of its inmates has 
left it. 

The custom of providing the deceased with an obolus, or a piece 
of money to pay the ferryman over the river of death, prevails among 
the Roumanians, who derive it from the Romans, and among the 
Slovaks of North Hungary, who never had anything to do with the 
Romans. Among the Slovaks, the coffin of a young girl is red, while 
her dress is black, that being to them the color of innocence, and a 
sprig of rosemary is put in the hand of the corpse. A lighted taper 
is set at the head of the casket. 

Among barbarous and savage races, the diversities in funeral cus- 
toms are endless, and often mark strange and paradoxical notions of 
life and death. They may still be witnessed in the islands of the sea 
and in the’ “ Dark Continent,” where civilization and foreign influ- 
ences have hardly made a scratch, in all their pristine originality and 
freshness. A large book would not suffice to contain the descriptions 
of them all. We give here only a few of the hundreds of specimens 
we might present, culled from the most recent accounts of travelers 
and missionaries : 

Herr F, Grabowsky relates, in an account of that people, that the 
Maanjans of Southeastern Borneo set great store upon dying in their 
own house, and on having their funeral celebrated in their native vil- 
lage. When the signal of death is sounded in solemn, rhythmic beats 
on the garangtong, the village is supposed to become partially un- 
clean, and particular observances are imposed on the people. The 
soul of the deceased is imagined to wander about the place uneasily 
till the funeral services are performed, and the night to be its day. 
Hence, every person who has to leave the place for any reason makes 
it a point to do so before sunset; and, if he has to go out later, he 
avoids speaking to anybody, and every one shuns him. According to 
the superstitions of this people, the souls return from the spirit-world 
to the earth after seven generations ; and, if a pregnant woman craves, 
for instance, sour fruits, it is said that a soul from the other world has 
_ returned to dwell in her, in order to be born to life again. As soon 

as the dying man has breathed his last, the mourning-women begin 
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their howling, the corpse is dressed and set in funeral array ; a fowl 
is slaughtered ; the coffin is prepared, and the body crowded sidewise 
into it. Half the clothes, money, rice, and usual necessities of life of 
the deceased, and the feet of the slaughtered hen, are placed in the 
coffin with the body, while the rest is consumed by the mourners. The 
grave is built up in the form of a stepped pyramid, the terraces of 
which are supported by planks, and over it is erected a canopy under 
which are deposited articles which the deceased has used. At seven 
and at forty-nine days after the burial, a second and a third fowl are 
slaughtered, and a part of them is carried ceremonially to the grave. 
The term of forty-nine days marks the period of mourning for an adult, 
while only seven days are given to a child ; and during this time the 
family must refrain from eating rice and satisfy themselves with a 
less desirable and much less palatable kind of grain. With the ob- 
servance of this season all the duties toward the dead are fulfilled till 
the time of the djamd, or the feast in commemoration of the entrance 
of the soul into the spirit-world. This festival is celebrated every 
two or three years, and all the families in the village that have lost a 
member during the interval join in defraying the expense of it. An 
invitation to the djamd is one of those things that are not declined. 
The festival lasts through seven days, to each of which is assigned 
some feature in the preparation for the ceremonial of cremation. A 
crematory is built, to which the dead are brought, amid the howlings 
of the mourning-women. A brief formula is recited by the wadian, 
or priest, over each body, as it is brought up, and it is then lifted upon 
the hearth. After the burning the ashes are placed without any further 
ceremony in a vessel called an agong, and this is deposited in the tam- 
bak, or family sepulchre, a structure which is erected upon posts a 
short distance above the ground. Children under seven years of age 
are not cremated, but their bodies are placed at once in the tambak. 
They must be purified, however, before they can enter the heavenly 
city, and this is done by sacrificing a hog on the day following that of 
their death. Seven days after the djamd, the siwah, a feast of pro- 
pitiation, is given, when priestly ceremonies are performed, with eat- 
ing, drinking, and sports. The viands which are eaten at these feasts 
must not be allowed to touch the ground, and are therefore brought to 
the feasting-place on wooden stands from one to two feet high. The 
really important act of the siwah is the manrus-ira, or blood-bath, a 
ceremonial that might well excite horror. Four fowls, four goats, and 
four swine, are slaughtered on a latticed platform, and their blood is 
allowed to drip down upon the ground below. The multitude rush to 
the spot to bathe in the blood ; women with nursing infants, children 
of every age and both sexes, decrepit old men and vigorous young 
men, besmear their faces, their heads, their breasts, and in fact their 
whole bodies, with the warm streaming blood of the slaughtered ani- 
mals, which are then cooked and eaten. 
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A missionary in Batavia states that the people of the Island of 
Sumba, in the residence of Timor, drape the corpses of their dead, and 
bind them in a sitting posture to a post which is planted in front of 
the house of the deceased. ‘The body of a chief is allowed to remain 
there till it decays ; but the bodies of other persons, after two or three 
days, are buried in a grave which is dug in the shape of a well, and jg 
afterward covered with a heavy stone. The clothes of the deceased 
and his jewelry are buried with him. The friends of the dead man 
are expected, while the body is exposed, to visit it, bringing gifts 
of clothing and other articles of value. The graves are situated in 
the midst of the towns, and are carefully attended to by the inhab- 
itants. 

According to the descriptions of a Dutch missionary, the funeral 
feasts of the Island of Halmahera are quite elaborate affairs. The cere- 
monies begin, after the deceased has been put in his coffin, with a 
rope-dance between the young men and the maidens, in which either 
party tries to pull the rope away from the other, to the music of a mo- 
notonous antiphonal chant, and which is continued through several 
evenings, with complete freedom from interference by the old people, 
Then follow four or five days of feasting, to which the whole neigh- 
borhood is invited to contribute in provisions and services, marchers 
and dancers, the men and the women taking the prominent part in the 
ceremonies on alternate days. On the last day of the feast, as large 
a company as possible is collected, to give effect to the final ceremo- 
nies. The body is placed in the grave, and is adorned with ornaments, 
lights, and garlands, and supplied with dishes of betel and provisions, 
Another banquet is served, the rope-dance is repeated, and a new cere- 
mony, called the toku,is performed. For this, the young men and the 
girls take places in opposite rows, each confronting pair joining hands, 
A child, festively dressed, is lifted up and made to walk upon the road 
formed by the pairs of hands, singing a refrain, to which the partners 
in the files chant a response. Each hand-joined couple in the rows 
withdraws as soon as the child has passed it, and takes a new place at 
the farther end, so as to prolong the walk to the extent that the occa- 
sion may seem to call for. As soon as this play is over, the rope-dance 
is transferred to the sea-beach, and the funeral ends with a ducking- 
match between the boys and the girls. 

Dr. Miclucho Maclay describes the Orang-Sakai tribes of New 
Guinea as having a terrible fear of the dead. As soon as any one 
among them becomes critically sick, he is carried out into the forest 
and left there with a small supply of food. His hut is immediately 
destroyed, and no one will ever build again on the place where it 
stood. The remains of abandoned unfortunates are frequently met in 
the wilderness, as well as the ruins of huts which have been given up 
, on acconnt of the occurrence of death among their inmates. 

Herr J. C. Dieterle has published an account of the curious royal 
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fanerals and “customs” of Tepi-Land, on the West Coast of Africa. 
According to him, when the king becomes dangerously ill, he is placed — 
under the close care of a circle-of chosen attendants. The fact of his 
jlIness must not be mentioned directly, but may, when that is neces- 
sary, be alluded to in some roundabout phrase, or as if it were the 
speaker himself that were sick. At the same, time the affairs of the 
court go on in their usual course, one of the chiefs representing the 
king and offering to the people, when inquired of, some plausible ex- 
euse for his majesty’s absence. When death takes place, all who are 
vognizant of the event, if they have not succeeded in running away, 
are put under guard, and the secret is kept as long as possible. Gen- 
erally, however, some manage to escape, and they will give the news 
to their friends in obscure hints, saying, perhaps, “Things are becom- 
ing dangerous,” “ The great tree has fallen,” “Look out for the earth- 
quake,” but never plainly that the king is dead. Loud mourning is 
prohibited at this stage of the proceedings. The victims to be offered 
up are secured, and one is sacrificed, to lie at the feet of the corpse while 
it is prepared for burial. The body having been dressed and the head 
and breast sprinkled with gold-dust, if it can be afforded, his majesty’s 
death is announced to the chiefs, still in some obscure phrase ; as, 
“The king is unwell, and desires to see you,” “The king has gone to 
bed and can not get up,” “The only free is asleep ”; and the chiefs, but 
no common man, under penalty of death, are admitted to view the 
body in private. The corpse is carried at crowing of the cock to the 
royal burial-place, where sheep are slain, and the favorite dishes of his 
majesty, of which no one is allowed to eat but the designated chief 
victims, are set before him. The chief victims have been selected be- 
forehand, and are distinguished during life by a peculiar badge. They 
are sacrificed by breaking their necks, while the heads of the other 
victims are cut off by a band of executioners composed of relatives of 
his late majesty. The victims are usually persons who have commit- 
ted some misdeed or have incurred the dislike of their fellow-slaves, 
and with them are offered up persons who have been sentenced to 
punishment and kept in reserve for the occasion. After these cere- 
monies are over, the wives of the king that have not been dispatched 
after him assemble around a ceremonial coffin and set up the stated 
mourning. The wives are expected to observe the conventionalities 
of mourning till they are given to the new king to be his wives, and 
this can not happen till after the celebration of the “customs,” which 
is frequently delayed for a long time on account of the expense. The 
successor to the throne is chosen after consultation between the chiefs 
and the women of the royal family, in secret. Having been publicly 
proclaimed, the new king is instructed as to his own rights and duties 
and those of the tribe, is sworn to observe all that is prescribed, and 
then receives the homage of the chiefs, aftér which the royal feast is 
given and the royal gifts are bestowed. The enthronement takes place 
\ 
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on the occasion of the periodical festival of the adde, when, in the 
midst of great feasts to the chiefs and their retinues, the throne is 
brought out and two of the nobles set the new king upon it three 
times, with the prayer: “Spirits of all the deceased kings, bless thig 
our new king! Give him riches, health, and great honor before al] 
people and before all his fellow-kings!” Sheep are sacrificed, court ig 
held, and the people are entertained with dancing and a great noise, 
The “customs” for the deceased king do not take place till after the 
ceremonies of enthronement ; and, as they involve great expense, they 
may be postponed for months or for years. They last for eight days, 
during which time every one in the capital must keep his head shaved 
and wear a prescribed dress. Another sacrifice of men is made, to 
which the chiefs must contribute in victims or money; and it is made 
with imposing publicity, amid the firing of guns and drumming and 
dancing. During all the ceremonials, from the death of the old king 
down, the executioners and guests from abroad and the members of 
the band that performed the burial of the king enjoy special privi- 
leges of taking what they like ; and solitary persons find it prudent to 
keep out of their way. During the “customs” a figure intended to 
represent the deceased king is set up and honored with the charac- 
teristic noisy ceremonial of the people. Finally, it is carried away 
and deposited in a shrine; and this marks the end of the whole 
matter. 

Whenever any one among the Hereros of Damara-Land, South 
Africa, becomes sick unto death, says the missionary C. G. Bittner, 
it is the custom for all the relatives of the sick man and the people of 
the vicinity to gather around his bedside, in such throngs as to fill the 
house, and witness the death. In health the Herero is satisfied to lie 
upon the bare ground, but, as soon as he becomes seriously ill, it is the 
imperative duty of some one of his near relatives to sit down by him, 
and hold his head with tender care. The people are not willing te 
recognize that any one can die from a purely natural cause, but 
always try to attribute the death to some external injury ; and, if 
nothing of the kind can be detected, they will lay it to some accident, 
éven of the most trifling character, that may have occurred years 
before ; and if any one is known who has ever attacked the deceased, 
or struck him, he is liable to be fixed upon as the responsible agent. 
The body is buried at some spot near the place of death, sometimes in 
the spot itself, but, if the deceased was a very bad man, it is carried off 
as far and to as desolate a spot as possible, so that the ghost shall not 
come back and work mischief. Everything that belongs to the grave 
is tabooed, and must not be taken away under any circumstances ; and 
so strictly is this rule observed, that, although fire-wood is extremely 
searce, the palings that have been driven around the spot, and fallen 
down, or. the hedge-bushes that have died may rot and disappear, no 
" one will touch them. The burial is followed by a season of mourning, 
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the ceremonial of which is performed by a band of hired mourners. 
The finest of cattle of the wealthy land-owner are slain, not by the 
usual method of stabbing, but by cutting off their heads, that their 
horns may be used to adorn the grave. The flesh of the cattle is 
given to be eaten to those who will in return join the band of mourn- 
ers for a specified term. If the cattle are not slain all at once, but by 
installments, the means are thereby secured of prolonging the period 
of mourning for as long a time as the meat will hold out. It is com- 
mon, after the head of a house has died, to remove the werst, or fam- 
ily residence. It is possible that this is done to get away from the 
malaria which the sickness and death of members of the family give 
notice has settled down upon the place ; for malarious influences have 
been found to linger over into the year following one of extreme sick- 
ness. The children visit the graves of their parents only rarely, and 
then with much ceremony, to consult the oracle of their ancestors ; 
and sometimes the oracle proclaims that the deceased desires again to 
enjoy the lowing of his cattle, when the son repairs to the grave with 
the herds. The Hereros are almost universally in as great terror of 
ghosts as any child among Europeans ; and the household legends, 
which are transmitted from generation to generation, consist for the 
most part of stories of returned spirits. No one will venture out 
alone in the thick darkness ; and, if one has to go at night for the 
missionary-doctor, he will not stir out without a companion. Nothing 
in the world, says Herr Bittner, would move them to go into an ana- 
tomical museum, or to witness a dissection. Little as it troubles them 
to slay a beast, they will not lay hands on a human corpse without 
extreme compulsion. “The pictures in my anatomical atlas were an 
object of horror to them. When, during my last few months in Da- 
mara-Land, I was buying from the natives whatever I could get for 
specimens, I succeeded in overcoming their dread sufficiently to induce 
them to sell me a considerable number of magical charms ; but not 
one of them would venture to bring me a skull, whatever price I 
offered them. A long box in which I had packed a lot of lances and 
bows, and which looked somewhat like a rough coffin, was a terror to 
all the people of my house, for how did they know that I was not 
going to fill it with the men’s bones I was trying to buy? It was 
amusing to see how the men who afterward had to handle this box, 
lift it upon the wagon, etc., hurried with the greatest fear, so as to 
get it out of their hands as quickly as possible.” 
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SKETCH OF LORD RAYLEIGH. 


W* publish an excellent portrait, this month, of the subject of 
the present sketch, Professor Lord Rayleigh, President of the 
British Association for the Advancement of Science, which held its 
annual meeting this year at Montreal. 

Joun Wiiu1am Srrvtt, Baron Rayleigh, of Ferling Place, Essex, 
was born November 12, 1842. He had a delicate constitution, which 
it was feared would render the exposures of the public school danger- 
ous, and he was accordingly placed under the charge of the Rev. J. T. 
Warner, of Torquay. He early developed a fondness for experimental 
research, and his chief amusement while a youth was photography, 
In October, 1861, he entered Trinity College, Cambridge, and was 
there classed among the “reading-men” by his fellow-students. He 
took several prizes and an exhibition in the course of his studies, and 
graduated with distinguished honors, being both senior wrangler and 
Smith’s prizeman. Following the usual custom, when a student of a 
college has distinguished himself in the final examinations, Trinity 
College elected him a Fellow. 

In 1871 Mr. Strutt married the second daughter of the late James 
Balfour, of Whittingham, Scotland, thus losing his fellowship, to 
which only celibates are eligible. On the 14th of June, 1872, he suc- 
ceeded to the title, and in the same year was elected a Fellow of the 
Royal Society, to whose transactions he has contributed many impor- 
tant papers. The medal of this society was conferred upon him in 
1882 as a recognition of the importance of his scientific work. In 
1879, upon the death of Professor Clerk-Maxwell, who had filled the 
chair since its establishment in 1871, Lord Rayleigh was appointed 
Professor of Experimental Physics in Cambridge. Since then, he 
has devoted much of his time to the organization of the magnificent 
Cavendish Laboratory, the gift of the Duke of Devonshire, chancellor 
of the university. 

Lord Rayleigh was elected President of the British Association 
last year at its Southport meeting, and succeeds Professor Arthur 
Cayley, who is so well known for his devotion to pure mathematics, 
also in the University of Cambridge. The selection of a lord for the 
presidency of this body is not without abundant precedent, several 
distinguished noblemen, as Prince Albert, the Dukes of Argyll and 
Northumberland, Lord Wrottesley, and others, having occupied the 
position, which has given rise to the insinuation that this body has a 
weakness for great titles. But, in the first place, the British Associa- 
tion is not a republican club, but a body of men wise and practical 
in their generation, and who know how to adapt means to ends for 
the successful accomplishment of the objects they have in view. And, 
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in the next place, the nobleman who presided at Montreal is not 
merely a lord, but a man of very distinguished ability and eminently 
entitled to the honor from both the character and extent of his ori- 
ginal scientific work. His writings, however, are only or chiefly 
known to scientific men. Numerous papers from his pen are scattered 
through the pages of the proceedings of several learned societies of 
England, though some of them have been collected into a volume 
and published separately. He has produced but one extensive work, 
namely, “The Theory of Sound,” a mathematical treatise in two vol- 
umes. It was begun on the Nile in 1872, and published in 1877-78. 
The article on “Optics,” in the last volume of the “Encyclopedia 
Britannica,” was also written by him. His determinations of the 
ohm, which were presented to the Paris Conference of Electricians 
in 1883-84, have been accepted as the basis of the unit of electrical 
resistance. His recent experiments in methods of practically measur- 
ing the strength of the electric current point to the method, by the 
deposition of silver, as one capable of furnishing a high degree of 
accuracy. 

To these scanty particulars of Lord Rayleigh’s life and career, for 
which we are mainly indebted to a brief sketch in the Montreal “ Star,” 
we may add the estimate of his work given by Sir William Thomson 
in introducing him to the large audience at the first assemblage of the 
Association in Montreal, August 27th, when he assumed the presi- 
dential chair. Referring first to the work of his predecessor, Sir Will- 
iam Thomson remarked : ‘‘ Professor Cayley has devoted his life to 
the advancement of pure mathematics. It is indeed peculiarly appro- 
priate that he should be followed in the honorable post of president 
by one who has done so much to apply mathematical power in the 
various branches of physical science as Lord Rayleigh has done. In 
the field of the discovery and demonstration of natural phenomena 
Lord Rayleigh has, above all others, enriched physical science by the 
application of mathematical analysis; and when I speak of mathe- 
matics you must not suppose mathematics to be harsh and crabbed. 
(Laughter.) The Association learned last year at Southport what a 
glorious realm of beauty there was in pure mathematics. I will not, 
however, be hard on those who insist that it is harsh and crabbed. 
In reading some of the pages of the greatest investigators of mathe- 
matics one is apt occasionally to become wearied, and I must confess 
that some of the pages of Lord Rayleigh’s work have taxed me most 
severely, but the strain was well repaid. When we pass from the 
instrument which is harsh and crabbed to those who do not give them- 
selves the trouble to learn it thoroughly, to the application of the in- 
strument, see what a splendid world of light, beauty, and music is 
opened to us through such investigations as those of Lord Rayleigh! 
His book on sound is the greatest piece of mathematical investigation 
we know of applied to a branch of physical science. The branches of 
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music are mere developments of mathematical formulas, and of ey. 
note and wave in music the equation lies in the pages of Lord Ray. 
leigh’s book. (Laughter and applause.) There are some who haye 
, no ear for music, but all who are blessed with eyes can admire the 
beauties of Nature, and among those one which is seen in Canada 
frequently, in England often, in Scotland rarely, is the blue sky, 
(Laughter.) Lord Rayleigh’s brilliant piece of mathematical work on 
the dynamics of blue sky is a monument of the application of mathe- 
matics to a subject of supreme difficulty, and on the subject of refrag- 
tion of light he has pointed out the way toward finding all that has 
to be known, though he has ended his great work by admitting that 
the explanation of the fundamentals of the reflection and refraction 
of light is still wanting, and is a subject for the efforts of the British 
Association for the Advancement of Science. But there is still another 
subject, electricity and the electric light, and here again Lord Ray- 
leigh’s work is fundamental, and one may hope from the suggestions 
it contains that electricity may yet be put upon the level of ordinary 
mechanics, and that the electrician may be able to weigh out electric 
quantities as easily and readily as a merchant could a quantity of tea 
or sugar.” 

Lord Rayleigh is a man of modest deportment but a very strong 
man. It was feared that his inaugural address would be an abstruse 
performance little calculated to interest a general audience, but the 
apprehension turned out to be groundless. The discourse was full of 
compressed thought, but closely interested his hearers, and was a 
model as a survey of the recent advancement in physical science. It 
was delivered in a clear and effective style, well measured, but with- 
out the least hesitancy of speech. In this respect the man of the 
laboratory of mathematics and of research contrasted strongly with 
many of those literary Englishmen whom we might suppose would 
cultivate somewhat the art of delivery ; but in all respects Lord Ray- 
leigh’s manner of speaking was in sharp antithesis to the style, for 
example, of Mr. Matthew Arnold. 
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THE SCIENTISTS AT MONTREAL. 


HE Montreal Congress of British 
Scientists, which was at first 
thought to be a very dubious experi- 
ment, turned out asuccess. Some nine 
or ten hundred members of the British 
Association crossed the sea, and, with 
the accessions from Canada, and a 
strong representation from the United 
States, the meeting became very large, 
and a great deal of excellent work was 
done. The address of the president- 
elect, and the inaugural addresses of the 
presidents of the several sections—of 
Sir William Thomson in Physics, of Sir 
Henry Roscoe in Chemistry, of Pro- 
fessor Blanford in Geology, of Professor 
Moseley in Biology, of Sir J. H. Lefroy 
in Geography, of Sir Richard Temple in 
Economics and Statistics, of Sir F. J. 
Bramwell in Mechanics, and of Mr. E. 
B. Tylor in Anthropology — were all 
productions of high, if not exceptional, 
ability. Many important papers were 
contributed to the several sections, 
while the attendance upon their meet- 
ings was large and the interest well 
sustained. Of course, the Canadians 
were delighted, as they had a right to 
be. They were proud of the compli- 
ment paid to the Dominion by the com- 
ing of so dignified and distinguished a 
body of scientific men to hold one of 
its customary meetings in Montreal; 
and were especially pleased that the 
Queen should have graciously conferred 
the honor of knighthood upon their lead- 
ing man of science, Principal Dawson. 
Of course, there were inconveniences 
accompanying so large a gathering in a 
city not provided with accommodations 
on the largest scale. The reception at 
the Redpath Museum, given by McGill 
University, was a painful crush, pro- 
ductive of far more discomfort than 
pleasure, but the accommodations for 
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the practical work of the sections in 
the university were more satisfactory. 
Every hospitality was extended to the 
strangers by the citizens of Montreal, 
and the press of that city manifested 
a creditable enterprise in reporting the 
proceedings and publishing important 
papers. The Governor-General, in his 
address of welcome, as was natural for 
a politician, used the occasion to mag- 
nify Canada as an important constituent 
of the British Empire, and appreciated 
the immense advertising that would 
come from this visit of the home scien- 
tists. Altogether, it was a memorable 
occasion; everybody was gratified, and 
its influence will, beyond doubt, be most 
favorable to the cause of science, 





THE ELEVATION OF PHRASES ABOVE 
THINGS. 


Tue inaugural address of Professor 
Lord Rayleigh at Montreal, which we 
publish in full, is an able discussion. 
As a review of the recent progress 
of physics it is very instructive, fall 
of practical suggestions, and fair to 
the workers of all countries. But 
there is one feature of it which we 
think deserves especial commendation, 
and that is the independent and com- 
mon-sense way in which it refers to 
the issue between the dead languages 
and scientific education. He might 
easily have evaded the subject, and, 
being a Cambridge man, it was rather 
to be expected that he would lean 
toward the side of tradition. But he 
did not shrink from his duty to recog- 
nize the importance of the question on 
this conspicuous occasion, and to rep- 
resent decisively its scientific side. The 
position which he took was moderate 
but firm, and he indorses with emphasis 
the main propositions advocated by the 
friends of scientific education. He 










says: “To them it appears strange, and | said, “As a teacher and examiner he 
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almost monstrous, that the dead lan- | was well acquainted with the almost 


guages should hold the place they do in 
general education; and it can hardly 
be denied that their supremacy is the 
result of routine rather than of argu- 
ment.” After declaring his doubts 
whether an exclusively scientific train- 
ing would be satisfactory, he adds: 
“But it is useless to discuss the ques- 
tion upon the supposition that the ma- 
jority of boys attain, either to a knowl- 
edge of the languages (Latin and Greek) 
or to an appreciation of the writings of 
the ancient authors. The contrary is 
notoriously the truth.” This is a broad 
indorsement of the assertion that the 
study of the dead languages is generally, 
as a matter of fact, a failure. He fur- 
ther observes: “I believe that French 
and German, if properly taught, which 
I admit they rarely are at present, 
would go far to replace Latin and Greek 
from a disciplinary point of view, while 
the actual value of the acquisition 
would, in the majority of cases, be in- 
comparably greater. In half the time 
usually devoted, without success, to the 
classical languages, most boys could 
acquire a really serviceable knowledge 
of French and German. History and 
the serious study of the English litera- 
ture, now shamefully neglected, would 
also find a place in such a scheme.” 

We put these unsolicited and re- 
sponsible declarations of an English 
university man, who has had both a 
classical and a scientific training, against 
the one-sided expressions drawn by the 
classical party from Lord Coleridge and 
Matthew Arnold while in this country. 

But it is not this aspect of the mat- 
ter—a mere question of conflicting 
authorities—that chiefly concerns us 
here. Lord Rayleigh had previously 
made an incidental observation which 
strikes deeper into this subject than 
anything he said in his formal reference 
to it. He was speaking of the charac- 
ter of his celebrated instructor, the late 
Professor Olerk-Maxwell, of whom he 





universal tendency of uninstructed 
minds to elevate phrases above things.” 
This goes to the root of the antagonism 
between literary and scientific educa- 
tion, considered as means of mental 
cultivation. 

Literary education is carried on in 
the world of words; scientific educa- 
tion, truly such, goes on in the world 
of things, in which words, though in- 
dispensable, are subordinate, and not 
the substantive objects with which the 
mind is engaged. Literature, as a 
method, stops with the words, makes 
the things for which they stand of little 
account, and is occupied with the arts 
of expression. In science, things are 
uppermost, they are what the mind 
really has to deal with, and their verbal 
representatives are merely matters of 
convenience in dealing with them. 
But the literary mind exalts the sym- 
bols to the higher place, and makes 
education consist in loading the mind 
with languages, with but little con- 
ception of those higher ends to which 
all language should be made tributary, 
Of course, it is easier and more pleasant 
to become interested in words and pay 
little attention to things, and, where the 
object is only light intellectual gratifi- 
cation, literature answers the end. 

But we have here to do with the 
subject of education, with the true and 
best mode of developing the powers of 
the mind, and for this purpose the dif- 
ference between words and things is 
wide and fundamental. Both are im- 
portant, but the question is, which is to 
be held supreme? Science as a new force 
in education relegates words to the sub- 
ordinate place, and it clinches the case by 
affirming that knowledge of things is the 
true test of intelligence, and that the 
mere knowledge of words is but highly 
respectable ignorance. Unless there has 
been a grapple with some subject in its 
actual facts, elements, and relations, and 
some considerable degree of mental dis- 
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cipline in the search for truth, the ob- 
servation of objects, and the study of 
principles, there has been no genuine 
education. For it is with facts at last 
that we have concern in experience, 
and the education of him who has not 
learned to study them is futile. The 
dictum of Olerk-Maxwell and Lord 
Rayleigh that there is an “almost uni- 
versal tendency of uninstructed minds 
to elevate phrases above things” has 
all the effect of a new definition of ig- 
norance. This idea has been long fore- 
shadowed in a vague recognition of the 
ignorance of mere book-worms, and in 
all the exigencies of a practical life the 
worthlessness of simple book-knowl- 
edge is proverbial. The antithesis of 
ignorance is not learning but knowl- 
edge. Thinkers undoubtedly get help 
from books, when they know how to 
use and subordinate them so as not to 
become their victims, One of the pro- 
foundest English thinkers, Hobbes, who 
has impressed himself powerfully upon 
the thought of the last two centuries, 
read but few books, and Aubrey re- 
marks that “‘he was wont to say that 
if he had read as much as other men he 
should have continued still as ignorant 
as other men.” Mere reading is not 
mental discipline, but rather mental 
dissipation, and one of the worst feat- 
ures of our popular education is the su- 
perstitious supremacy it gives to naked 
book acquisitions. The radical work of 
scientific education must be done here: 
“The almost universal tendency of un- 
instructed minds to elevate phrases 
above things” must give place to the 
more rational and enlightened tendency 
to elevate things above phrases. It was 
inevitable that the verbal should be in 
the ascendant in ancient times, and in 
the mediwval ages, when but little was 
accurately and profoundly known of the 
relations of things; but science has 
given us a new dispensation of knowl- 
edge, and this has created a new edu- 
cation in which knowledge is no longer 
a matter of phrases, but a familiariza- 
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tion of the mind with the verities of 
nature and of truth. In this new ed- 
ucation, language, conceded to be of 
great importance, is not an end in it- 
self, but is to be made tributary to the 
higher end of understanding the nature, 
order, and constitution of things. 





LITERARY NOTICES. 


Tue New Cuemisrry. By Jostan Parsons 
Cooxe, LL.D. Revised edition, remod- 
eled and enlarged. New York: D. Ap- 
pleton & Co. Pp. 400. Price, $2. 


Aut who are interested in the progress 
of chemistry will be glad to learn that Pro- 
fessor Cooke has thoroughly revised his in- 
teresting volume in the “ International Sci- 
entific Series,” entitled “ The New Chemis- 
try.” It took a position in all the languages 
in which it appeared, both as a model of 
admirable exposition and a standard work 
on the present condition of chemical theory. 
But, excellent as it was when first published, 
the author has not been content to let it go 
unrevised when there has been further im- 
portant progress, both of the science and of 
his own views of the subject. He has ac- 
cordingly revised and amplified it so that it 
may now be accepted as an authoritative 
statement of the present condition of chemi- 
cal philosophy. We reproduce the author’s 
preface to the new edition, that our readers 
may know exactly the import of the changes 
that have been made in the book : 


The progress in chemistry during the ten years 
which have elapsed since this work was first pub- 
lished and stereotyped has been accompanied by no 
such revolution in its philosophy as the previous 
transition from the dualistic system of Berzelius to 
the unitary system of structural organic chemistry 
had involved. Nevertheless, there has been a con- 
stant advance, during which we have gained clearer 
conceptions and more comprehensive views of the 
fundamental principles of the science ; and many of 
the accidental features which marked the transition 
period have disappeared. Meanwhile the distine- 
tion between elementary substances and materials 
consisting of isolated elementary atoms has become 
clear, and, in making these last, alone, the elements 
of chemistry, we have pushed our science, if not to 
its extreme limits, still one step further back: and 
in taking this step we have left behind many of the 
ancmalies which previously encumbered our phi- 
losophy. Except in a very limited sense, the so- 
called elementary substances are now seen to be as 
truly compounded as any other substances, and it 
is manifest that their qualities must depend on 
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molecular structure, or on the resulting dynamical 
relations, as well as on the fundamental attributes 
of the ultimate atoms. There is, therefore, no 
longer any reason for limiting the statement of the 
great fundamental law of definite proportions to the 
relations of elementary substance, and clearness of 
exposition is gained by giving to this statement the 
widest possible scope. 

But unquestionably the most important advance 
in chemistry during the last decade has resulted 
from the study of the thermal changes accompany- 
ing chemical processes, which has proved that the 
law of the conservation of energy is a directing prin- 
ciple in chemistry as important as it is in physics. 
This study has developed an entirely new branch of 
our science called thermo-chemistry; and we now 
confidently look forward to a time in the near future 
when we shall be able to predict the order of phe- 
nomena in chemistry as fully as we now can in as- 
tronomy. 

So important and fundamental have been the 
changes required by the recent progress that, in 
preparing this book for a new edition, the author 
has found it necessary to add a great deal of new 
material and in many places to rewrite the old, but 
he has endeavored to make the new edition, like 
the first, a popular exposition of the actual state of 
the science. 


Heatrn is THe Hovsenotp; or, Hyarenic 
Cooxery. By Susannah W. Dopps, 
M.D. New York: Fowler & Wells. Pp. 
602. Price, $2. 
By hygienic cookery the author means 

the preparation of predominantly vegetable 

dishes without stimulating condiments or 
the assistance of ingredients hard to digest. 

On this subject she is in her own prefer- 

ences radical, for not only would she dis- 

card heating meats and spices and grease 
of all kinds, but she intimates that she 
would do away with milk, and, going behind 
even the uncorrupted instincts of animals 
in a state of nature, would abolish salt. 
Exalting grains, fruits, and vegetables, as 
the predominantly suitable staples of human 
food, she has something to say of the man- 
ner in which these things should be com- 
bined in a single meal—what of them should 
be eaten together—that deserves attention. 

Radicalism and the statement of principles 

constitute, however, but a part of the book. 

In the practical part the author is more 

catholic, and gives recipes for dishes both 

in “the hygienic dietary ’—that is, a diet- 
ary strictly according to her principles— 
and in an enlarged dietary of “ compromise 
dishes,” into which meat dishes and the 
least deadly errors of modern seasoning are 
admitted. Hygienic people do not appear 
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confined to a spare or monotonous diet, 
Mrs. Dodds’s list is full and various, ang 
some of the dishes are as good any the gour. 
mands have. Including the compromise 
dishes, the dyspeptic who is strong enough 
to bear them can, after all, live like an epi- 
cure, 


La Fasuia DE Los Carrpes. (The Fable of 
the Caribs.) By Juan I@nacto pg Ar. 
= Havana: Francisco 8. Ibafiez. Pp, 
Tis monograph is numbered I of a 

series of Americanist studies, and is a paper 
which was read before the Anthropological 
Society of Havana, at a date not given, It 
traces the fable of the Caribs—who were 
reported to be neighbors of the Amazons, to 
be cannibals, and to flatten their heads— 
from its origin with the ancients and its 
primitive location on the Black Sea, through 
the mutations it underwent with the authors 
of the middle ages, to its final location by 
the Spanish chroniclers in the newly discoy- 
ered regions of tropical America. Having 
examined the grounds on which the charac. 
teristics first ascribed to the Chalybs of the 
Euxine were assigned to the Caribs of 
America, he finds that they were false, and 
that our Caribs were a people of mild and 
peaceful habits. “The fable of the Car. 
ibs,” he says, “was in the beginning a geo- 
graphical error ; then a hallucination; and 
finally a calumny.” 


Reriex Nervous InF.vence, and its Impor- 
tance as a Factor in the Causation and 
Cure of Disease. By D. T. Surru, M.D. 
New Orleans. 

Rertex influence is that property of the 
nervous system by means of which, when one 
organ is affected, some other one responds 
to its call and acts instantaneously with it 
for the common good. It is an important 
factor in many relations of the individual to 
its environment; and familiar instances of 
its operation may be found in the daily ac- 
tions of men and beasts. Dr. Smith con- 
ceives its function to be much more general 
than has been supposed, and would extend 
it to cases of disease. Thus colds are caves 
of the response of some correlated internal 
nerves, now of one part, now of another, 
to impairment of vitality in the cutaneous 
nerves. Poultices act favorably by stimu- 
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jating the vitality and nutrition of nerves 
of skin covered by them, the exaltation of 
which is reflected to the deeper parts, and 
to the abscess whose maturity it is desired 
to hasten. The ordinary remedies for the 
relief of inflammation, and medicines which 
can not directly reach the part it is desired 
to affect, operate by reflex action. Restora- 
tion of the tone of the stomach may be pro- 
moted by the taste, sight, or smell, of pleas- 
ant food, and expectoration is stimulated 
by the swallowing of remedies that can not 
be expected to reach the mucous membrane 
of the respiratory passages, simply by the 
operation of the principle under considera- 
tion. 


Report on THE Corton PRopUCTION OF THE 
Srare or Fiorina: With an Account of 
the General Agricultural Features of the 
State. By Evens Auten Suirn, Ph. D. 
Tuscaloosa, Ala. Pp. 77. 

As bearing upon the,subject of the re- 
port, Professor Smith gives in this paper, 
besides matters immediately relating to cot- 
ton, an outline of the physical geography 
and geology of the State, embodying a re- 
view of what has already been hitherto done 
in this field, together with a synopsis of the 
results obtained by himself during the sum- 
mer of 1880. The geological structure of 
Florida has been very much misunderstood, 
and the author’s observations, presenting 
the matter in a correct view, are a positive 
addition to knowledge. 


SrxreenrH anp SevenTeentH Annual Re- 
PORTS OF THE PeaBopy Museum oF AMER- 
1caN ARCHAZOLOGY aND Erunotocy. F. 
W. Purnam, Curator. Cambridge, Mass. 
Pp. 182. 

Tue out-door work of the Curator of the 
Museum in 1882 was directed chiefly to the 
exploration and examination of the prehis- 
toric works of various kinds on the Little 
Miami River, principally in Hamilton County, 
Ohio. Thecurator also examined some shell- 
heaps on the coast of Maine, and explored 
a large mound and a cemetery in William- 
son County, Tennessee. Valuable contribu- 
tions to the work of the museum were made 
by Dr. C. C. Abbott, in the gravels of Tren- 
ton, New Jersey, and by Miss Alice C. 
Fletcher, the fruits of her residence among 
the Indian tribes. In 1883 the explorations 
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on the Little Miami were continued; excur- 
sions were made by the curator to the works 
in Wisconsin and in the Scioto Valley, Ohio; 
and reports and collections were received of 
investigations in North Carolina, New Jer- 
sey, Delaware, the Zuiiis of New Mexico, 
Massachusetts, Little Falls (Minnesota), and 
Nicaragua. Miss Fletcher was enabled to 
trace a relation between some peculiar feat- 
ures of the Madisonville works in Ohio and 
past customs of the Omaha Indians. The 
museum was enriched by the gift, from 
Thomas G. and Captain Nathan Appleton, 
of a collection from the Chiriqui graves, 
Panama. The report gives several papers 
in full on Indian customs, etc., by Miss 
Fletcher and other writers, and lists of ad- 
ditions to the collections, which now em- 
brace 33,150 entries, 


ArcHzZoLocicaL INstirvre oF AMERICA. 
Fifth Annual Report of the Executive 
Committee, and Third Report of the 
American School of Classical Studies at 
Athens. Cambridge, Mass.: John Wil- 
son & Sons. Pp. 118, 

Tue report records the continuation and 
completion, for the present, of the excava- 
tions at Assos, in Asia Minor, the relics 
of which are “now one of the most inter- 
esting revelations of classical antiquity,” 
and the very interesting explorations of Mr. 
Baudelier in the antiquities of New Mexico. 
A few remarks are offered respecting the 
value of the excavations at Assos, and of 
Greek civilization generally, to modern life. 
Fifteen colleges have co-operated in the 
maintenance of the classical school at Athens, 
which was under the direction, for the year, 
of Professor Lewis R. Packard, and is to be 
led for the coming year by Professor J. C. 
Van Benschoten, of Wesleyan University. 


Tue Tueorres or DARWIN AND THEIR RELA- 
TION To Pattosopny, Reiiaion, anp Mo- 
RaLity. By Rupotr Scum. Trans- 
lated from the German by G. A. Znomer- 
man, Ph. D., with an Introduction by the 
Duke of Argyll. Chicago: Jansen, Mc- 
Clurg & Co. Pp. 410. Price, $2. 

Tue author of this book is President 
of the Theological Seminary at Schénthal, 
Wiirtemberg. His purpose is to examine 
the various German versions and extensions 
of Darwinianism, and, comparing them with 
the views of the English Darwinian school, 
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to ascertain the effect of each and all upon 
religious opinions and principles. Among 
the diversified phases of the subject, as it 
is presented by the different authors, he 
finds himself “led into the presence of a 
series of most interesting problems, but not 
a single solution finished,” and has, there- 
fore, been obliged to widen his investiga- 
tion, “and to discuss even all imaginable 
possibilities. The beneficent result of this 
comparison was,” he continues, “that reli- 
gion and morality not only remain at peace 
with all imaginable possibilities of scientific 
theories, but can also, in the realm of the 
philosophy of the doctrines of nature, be 
passive spectators of all investigations and 
attempts, even of all possible excursions 
into the realm of fancy, without being obliged 
to interfere.” Only in metaphysics is an 
antagonist found, in the attempt to elimi- 
nate from nature the idea of design, whose 
victory would be dangerous ; but this thought 
is dismissed as in opposition “not only to 
the whole world of facts, but also to all 
logical reasoning.” 


Manvat or THE Mosses or NortH AMERICA. 
By Leo Lesquerevx and Tomas P. 


James. Boston: S. E. Cassino & Co. 


Pp. 445, with Six Plates. 

Mr. Lesquerevx is known as one of the 
oldest and most experienced American bota- 
nists, and as one of the highest authorities 
in those fields of the science in which he 
has been engaged during his working life. 
In 1848 William §. Sullivant published, in 
the first edition of Gray’s “ Manual of Bota- 
ny,” descriptions of 205 species of mosses 
and 66 of hepatice ; and in the second edi- 
tion of the same work, in 1856, descriptions, 
with illustrative plates, of 410 mosses and 
107 hepatice. He then began, in connec- 
tion with Professor Lesquereux, a separate 
volume on mosses, buf the work was inter- 
rupted by disability of Professor Lesquereux 
and the death of Mr. Sullivant. It has since 
been resumed and pushed to completion, 
with the aid of the material already col- 
lected, by Professor Lesquereux, assisted by 
Mr. James in microscopic analysis ; M. T. Re- 
nauld, a French bryologist, in special exami- 
nations; and Mr. Sereno Watson, in revising 
and editing. The result is the present noble 
yolume, which includes descriptions of all 
the species of mosses (about nine hundred) 
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that are known to occur on our conti 
within the limits of the United States ang 
northward. 


On 4 CARBONIFEROUS AMMONITE FROM TExas, 
By Professor ANGELO HeiLpriy, of Phil- 
adelphia. Pp. 3. 

Tuts is a monograph on a new ammonite, 
named by the author Ammonites Parkeri, 
obtained from the carboniferous strata of 
Wise County, Texas, which is noteworthy as 
being the first ammonite that has been de. 
tected in any American formation below the 
Mesozoic series. Carboniferous ammonites 
have also, however, been found in India, 


Frme-Proor Buripines wita Woopen Braws 
anp Girpers. New York: W. H. Dol. 
man, 229 Broadway. Pp. 14. 

An exposition of the character and mer. 
its of Dolman’s fire-dampers, a device for 
fire-proofing wooden beams and floors by 
packing the beams or deafening the space 
under the floors with ashes, which is claimed 
to be cheap, effective, and easy to adapt, 


Waces anp Trape In Manvracrvrinxe In- 
DUSTRIES IN AMERICA AND Evrops. By 
J. Scnornnor. New York: G. P. Put 
nam’s Sons. Pp. 25. Price, 15 cents, 
Tas essay is published, with an intro. 
duction by R. R. Bowker, under the auspices 
of the New York Free Trade Club. Itis 
intended to answer the communications in 
the “ New York Tribune ” of Mr. Robert P, 
Porter on the same subject, who, having 
been dispatched to Europe as a special cor- 
respondent in the interest of protection, 
“did what he was sent to do,” and “pre- 
sented a picture of the distress of England 
under free trade and of the prosperity of 
France and Germany under a protective tariff 
that was much of a surprise to those who 
know most of those countries.” An oppo- 
site view is here given. 


A Hanp-Boox or Hyerenz anp Sanitary 
Scrence. By George Wiuson. Fifth 
edition, enlarged and carefully revised. 
Philadelphia: P. Blakiston, Son & Co, 
Pp. 512. Price, $2.75. 

Tuts is a very full and at the same time 
closely condensed manual of facts and prin- 
ciples in the whole field indicated by the 
title, arranged under the general heads (with 
many divisions and subdivisions) of “ Public 
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Health and Preventable Disease ” ; “ Food” ; 
« Air, its Impurities and their Effects on 
Public Health”; “Ventilation and Warm- 
ing”; “ Examination of Air and Ventila- 
tion”; “Water”; “Water Analysis”; 
“Impure Water, and its Effects on Pub- 
lic Health”; “ Dwellings”; “ Hospitals” ; 
“Removal of Sewage”; “ Purification and 
Utilization of Sewage”; “The Effects of 
Improved Drainage and Sewage on Public 
Health”; “Preventive Measures” (disin- 
fection); “ Vital Statistics”; and “The 
Duties of (English) Medical Officers of 
Health.” 


Fy ”. 


Rerorus: Tare Drrricuttres anpD Posst- 
pitities. By the author of “ Conflict in 
Nature and Life.” New York: D. Ap- 
pleton & Co. Pp. 229. Price, $1. 
Many who read that remarkable book, 

by an anonymous author, entitled “ Conflict 

in Nature and Life: a Study of Antagonism 
in the Constitution of Things,” which was 
published last year, were so deeply inter- 
ested in the views presented, and so struck 
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gle of individuals with individuals, of spe- 
cies with species, and of persistence of type 
with divergence of type. It is even exem- 
plified by the rivalry of functions for vital 
energy from the organic sources in common, 
in consequence of which the over-activity 
of one may impoverish another, as when 
over-exertion of the brain exhausts the 
body, and early and over reproduction di- 
minishes growth and development. Similar 
forms of antagonism pass over into the 
sphere of mind. At the bottom of the men- 
tal scale, and at the top, mental action is 
counteraction, There is no mental concep- 
tion of properties except by contrast: one 
feeling antagonizes another; the mind is 
itself a system of balances, often fluctuating 
from one extreme to another; and the will 
is forever the theatre of emotional conflict. 
And all this antagonism is not incidental 
and transitory, as usually supposed, but fun- 
damental and ineradicable.” 

But this policy of conflict is far enough 
from being confined to the inorganic, the 
organic, and the sub-human sphere of Na- 


with their possible bearings upon various | ture. Man, with all his activities, is a part 
practical questions, as to indulge the hope | of the great unified natural order, and is to 
that the author would resume his novel dis- | be as much studied in the light of this prin 
cussion, and work out some of the more ob- | ciple as any other divisions of phenomena. 


vious implications of his doctrine. 
has now done in the book before us, which, 


while in a certain sense a sequel or supple- | 


ment to the former work, is still an inde- 
pendent treatise that must stand substan- 
tially upon its own merits, The work on 
“Conflict,” as we pointed out at the time of 
its publication, was devoted to an explica- 
tion of the dynamic view of Nature, which 
sees in it the action of forces ever resisted 
by other forces, so that the conception of 
conflict becomes the key to its universal 
operations. The radical ideas of that vol- 
ume are thus restated in the author’s intro- 
duction to the present work. He says: “A 
simple and primary form of antagonism is 
that of attraction and repulsion, which play 
80 conspicuous a part in the phenomena of 
physics and chemistry. In biology, antag- 
onism appears in manifold forms, in some 
instances somewhat obscure, but neverthe- 
less everywhere present. Birth and death, 
growth and decay, waste and repair, devel- 
opment and degradation, are familiar exam- 
ples. It appears in the never-ending strug- 
VOL. xxv.— 54 





This he | On this point the author observes: “ Now, 


if this antagonism prevails in Nature, and 
is woven into the constitution of man, we 
should infer that the society which man 
forms would embody antagonistic elements 
in manifold forms of combination and in- 
terrelation. We should further infer that 
every attempt to act on human nature and 
on human society, for their improvement, 
should take an account of this ineradicable 
antagonism in the constitution of things in 
order properly to adapt the means to the 
end. A prevailing form in which this an- 
tagonism appears in life is in the essential 
coupling of the evil with the good, of a gen- 
eral evil with every general good. Now, in 
consequence of this union of evil with good, 
there is no such thing as perfection, and 
any attempt to bring about perfect results 
will fail. All that can be done is to effect 
the greatest possible good with the least 
possible evil. But reformers usually go to 
work in defiance of this principle ; they 
have panaceas for every moral disease in 
the world, and are bound that every wrong 
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shall be righted, and every evil extermi- 
nated, not seeing that, while they gain on 
one side, they are almost sure to lose on the 
other.” 

It was quite inevitable that the author 
should be led by this train of thought to an 
examination of the general subject of re- 
forms, By this term has come to be under- 
stood that concerted and systematic effort 
which men put forth for the removal of 
evils, personal and social, and the attain- 
ment of a higher good through wiser action 
and better conduct. The reforms in which 
men and women engage are numberless, 
and are usually undertaken under the spur 
of a vivid sense of some evil to be removed, 
some suffering to be mitigated, or some 
great good to be achieved, rather than from 
any clear appreciation of how much it is 
possible to accomplish, or the danger of 
making matters worse by injudicious and in- 
tractable meddling. If ever amplitude of 
knowledge and cautious judgment are re- 
quired for the guidance of human activity, 
it is certainly when experiments are to be 
made upon human beings in sociel relations 
for the purpose of attaining ideal results. 
But knowledge is generally not at a pre- 
mium among reformers, and, instead of be- 
ing men of dispassionate discernment and 
cool deliberation, they are too generally ar- 
dent and passionate, and even hot-headed 
and fanatical. It may be said that it is just 
these qualities that are needed to drive a 
reformatory crusade, and that nothing in 
this direction is ever accomplished by dis- 
creet and well-balanced men. But our ex- 
perience with reforms and reformers—those 
who make it a business and a profession— 
is not such as to convince us that further 
knowledge on the philosophy of this im. 
portant subject is superfluous. 

For, this reason we welcome the present 
book as a timely and valuable contribution 
to the question of the difficulties and the 
possibilities of reformatory effort. The au- 
thor brings out a view of the subject that 
needed to be elaborated. It is a great sub- 
ject, and his treatment of it is neither ex- 
haustive nor faultless; but it is sufficiently 
full, cogent, and instructive to be of great 
public service. The writer modestly re- 
marks: “It may be thought that more 
* should have been said of the possibilities of 
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reform. I could not say more on this point 
than has here been said without p 

to wisdom which I am perfectly conscious } 
do not possess. I believe there is need of 
some such presentation of the subject as an 
incentive mainly to a careful and judicious 
treatment of the great practical questions 
of the day.” 

The work is divided into three parts, 
Part I—consisting of five chapters, is de. 
voted to the labor question—wages, saving 
and management, monopoly, schemes for 
industrial reform, etc. Part Il—three chap. 
ters—takes up financial questions—money, 
protection, and monopoly. Part I[I—six 
chapters—is devoted to miscellaneous re. 
forms—questions of every-day economics, 
some points in education, the woman and 
divorce questions, the temperance question, 
and issues of the near future. The work is 
neatly printed and brought out at a moder. 
ate price. It should have an extensive cir. 
culation, for the country is full of reformers, 


INTELLECTUAL ARITHMETIC, UPON THE Inpvc. 
TIvE Metuop or Instruction. By Wan. 
REN CotpurN. Revised and enlarged 
edition. Boston: Houghton, Mifflin & 
Co. Pp. 216. Price, 35 cents. 

To commend Colburn’s Arithmetic would 
be like painting the rose. The system he 
introduced has held its place for sixty years, 
and educators are not yet ready to depart 
from its principles. The changes made in 
the present edition have been designed to 
make the “Colburn Method of Instruction” 
more apparent and attractive, or to bring 
the modes of expression and the objects re- 
ferred to into conformity with the changed 
conditions of the life of to-day. A sketch 
of Colburn’s life, his original preface, and 
George B. Emerson’s introduction to the 
edition of 1863, are given in the Appendix. 


Text-Bookx or Porciar Astronomy. For 
tne Use of Colleges, Academies, and High 
Schools. By Witiiam G. Peck, Ph. D., 
LL.D. New York: A. 8. Barnes & Co, 
Pp. 330. 

Tas book is intended to present, ina 
compact and popular form, all the facts and 
principles of astronomy that are needed in 
a general course of collegiate education. 
Mathematical formulas and demonstrations 
have been avoided as far as possible, and 
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ghen introduced have been put in different 

from the other matter. The order of 
arrangement of the matter is a little varied 
from the common order. The stars are 
treated of in a general way before any de- 
tailed consideration is given to the solar 
system. Instruments are described at those 
places in the text where their use is indi- 
cated in the general development of the 
course. Terms are defined where they may 
receive immediate illustration from the con- 
text. Subjects are arranged according to 
the author’s idea of what is a uatural and 
logical order. 


Nippon SHokv BUTSU MEIT; OR, NOMENCLA- 
TURE OF JAPANESE PLants 1n Latin, Ja- 
PANESE, AND CHINESE. By J. Marsv- 
mura. Supervised by Z. R. Yaraseg. 
Tokio, Japan: Z. P. Maruya & Co. Pp. 
300. Price, $2. 

Tue author of this catalogue is Assist- 
ant Professor of Jotany in the University 
of Tokio, and has«.cne his work under the 
supervision of the Professor-in-chief of Bot- 
any in the same institution. But little more 
can be said in description of it than is given 
in the title. Twenty-four hundred and six 
species are catalogued in the alphabetical 
order of their recognized botanical or Latin 


names, with the authorities on which the | 


names rest, and the equivalents for these 
names are given in Japanese, romanized 
Japanese, and Chinese. The list itself is 
a sufficient index to the Latin names; but 
three special alphabetical indexes are given 
for the Japanese, romanized Japanese, and 
Chinese names. The general execution and 
arrangement of the work are as nearly per- 
fect as such things ever are; and in me- 
chanical execution the book is equal to the 
best that has ever came from an American 
or European press. 


Brainnines with THE Microscorr. By 
Watrer P. Manton, M. D. Boston: 
Lee & Shepard ; New York: Charles T. 
Dillingham. Pp. 73. Price, 50 cents. 
Tae “ Beginnings” is a working hand- 

book containing simple instruetions in the 
art and method of using the microscope and 
preparing objects for examination. It is 
easy to handle, easy to read, and easy to 
understand. The successful application of 
its directions must depend on the skill and 
industry of the student. 











LITERARY NOTICES. 851 





History or rue Discovery oF THE CircULA- 
TION OF THE Boop, By Henry C. Cuap- 
MAN, M.D. Philadelphia: P. Blakiston, 
Son & Co. Pp. 586. Price, $1. j 
Tuts essay was the concluding lecture of 

a course on “The Circulation” delivered by 
the author at the Jefferson Medical College, 
during the term of 1883. Giving to Harvey 
the credit that is his due for grasping and 
formulating the law of the circulation, the 
author shows that the idea was entertained 
indefinitely in ancient times by Eristratus and 
Galen; that Servetus expressed some very 
intelligent ideas on the heart and its func- 
tions; that other writers had demonstrated 
particular features of the circulation, in an 
isolated way, before Harvey’s time; and 
that it was not until after the appearance of 
Harvey’s work that the discovery of the 
capillaries made intelligible the manner in 
which the blood passed from the arteries to 
the veins, and the demonstration of the lym- 
phatics completed our knowledge on the 
subject. 


Macntnery oF tHE Heavens. A System of 
Physical Astronomy. By A. P.. Picue- 
rEav. Galesburg, Ill.: _Plaindealer 
Printing Company. Pp. 142. Price, 
$1.50. 

Mr. Picnereav is a practicing lawyer, 
who has kept up a living interest in astro- 
nomical questions and studies. While hav- 
ing the highest respect for astronomers, he is 
not fully satisfied with the sufficiency of their 
theories ; he has thoughtout some hypotheses 
of his own, which he presents modestly, but 
with confidence, in this book. These theo- 
ries relate to the causes of planetary axial 
rotations and orbital motions, the origin of 
worlds, the genesis of comets’ tails, and the 
tides. If they can not be called scientific, 
it would be unjust to pronounce them con- 
trary to science. They are plausible specu- 
lations pleasantly uttered by an amateur. 


Paysics 1v Picrvres. With Explanatory 
Text prepared by THEODORE and 
translated by A. H. Keane. London: 
Edward Stanford. 


In this work the principal natural phe- 
nomena and physical appliances in use are 
described and illustrated by thirty colored 
plates. Nearly every physical property of 
matter and ordinary manifestation of force 
is graphically represented, often with much 
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ingenuity. In the-first plate, for instance, 
the property of center of gravity is illus- 
trated in a dezen ways, some of them amus- 
ing, in a two-page picture, which itself has 
no inconsiderable merit as a composition. 
Other plates explain the principles of the 
mechanical powers of simple and compound 
machines, the parallelogram of forces, den- 
sity, the fire-engine, pumps, watch and clock 
works, mills, distilling apparatus, house- 
heating apparatus, steam-engines, ship-con- 
struction, electricity and its applications, 
the aurora borealis, and acoustics and optics, 
and the instruments in which they are ap- 
plied, or are made subjects of investigation. 


In tHe Heart or Arrica. By Sir Samven 
Baker. New York: Funk & Wagnalls. 
Pp. 284. Price, $1. 

No one has done more to make the world 
acquainted with the regions of the Upper 
Nile and the Central African lakes than 
Sir Samuel Baker; and no one has conveyed 
the knowledge gained of them in a more en- 
tertaining and instructive manner than he. 
His two works, on “The Nile Tributaries 
of Abyssinia” and “The Albert Nyanza 
Great Basin of the Nile,” are too large and 
expensive, and out of the reach of the mass 
of readers. The present volume has been 
condensed from them in such a manner as 
to omit that which is dry and only of detail, 
while the unity and thrilling charm of the 
narrative and the descriptive parts are re- 
tained. 

Tue Giose Pronouncine GAZETTEER OF THE 
Wortp. Edinburgh: Oliver & Boyd; 
New York: G. P. Putnam’s Sons. Pp. 
463, with Thirty-two Maps. Price, $2.50. 
Tue purpose of this “Gazetteer” is to 

furnish in a convenient form such a concise 

dictionary of geography as will, from its 
special features and -cheapness, prove ac- 
ceptable and useful to the general public. 

It gives descriptions of the different coun- 

tries of the globe, and of their physical as- 

pects and political divisions, and the location 
of their principal towns, etc., with the pro- 
nunciation, and, in many cases, the etymol- 
ogy of the geographical names. The first 
edition of the “Gazetteer” was published 
in 1879, The present edition has been thor- 
oughly reviged, and much new matter bas 
" been added, 
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Sorcnum: Irs CuLture anp Manvractorg, 
ECONOMICALLY CONSIDERED 4S 4 Source 
or Su@ar, Sirur, AND Fopper, By Px. 
rer Cotuier, Ph.D. Cincinnati: ‘Rob. 
ert Clarke & Co. Pp. 570. Price, g3. 
Ir is the purpose of this work to p 

in a systematic manner, all the most impor. 
tant facts relating to the economical produe. 
tion of sugar, sirup, and fodder from gor. 
ghum. The attempt is made to separate 
that which is demonstrable from the vast 
accumulation of statements, true and fan. 
ciful, that have been made since the plant 
was first introduced into the United States, 
The actual working results of numerous 
practical experiments in the production of 
sugar from this source have been given in 
detail, together with illustrations and de. 
scriptions of all necessary apparatus. The 
author’s experience, as chemist of the United 
States Department of Agricuiture, has given 
him excellent advantages for the study of 
different varieties of sorghum during all 
stages of development, the results of which 
he has endeavored to present, condensed 
and classified, in this volume. He has full 
faith in the possibility of making the pro. 
duction of sugar from sorghun profitable. 


A Bacuetor’s TaLks anout Marriep Lirs 
AND THINGS ADJACENT. By Wittam 
Arman, D.D. New York: Fowler & 
Wells. Pp. 272. Price, $1 50. 

Dr. AIKMAN, infusing into his work the 
interest of a narrative and the easy grace 
of the informal essay, has given in this vol- 
ume a series of sketches, more or less con- 
nected, on the different phases and events 
of married life, each of which, and the 
whole together, are intended to convey a 
moral or a salutary practical lesson. 


Outing or Lecture Notes on. GENERAL 
Cuemistry. By Joun T. Sropparp, Ph. 
D., Professor of Chemistry in Smith Col- 
lege.—“ The Non- Metals.” Northamp- 
ton, Mass.: Gazette Publishing Com- 
pany. Pp. 84. 

A prier statement of the general princi- 
ples of the science occupies the opening 
pages of this little manual, and this is fol- 
lowed by notes as to the occurrence, prepa- 
ration, properties, history, etc., of each of 
the non-metallic elements. It is adapted to 
accompany a course of laboratory work and 
lectures on this division of the elements. 
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Toxorocy : A Boox ror Every Woman. By 
Auice B. Strocknam, M.D. Chicago : 
Sanitary Publishing Company. Pp. 277. 
Price, $2. 

ToxoLocy concerns the function of ma- 
ternity. This book aims to teach women 
how they may build up their physical con- 
stitutions and those of their daughters, so 
as to fit their systems to endure safely what 
maternity demands of them, and to convey 
health and vigor to their offspring. Besides 
precepts concerning general physical devel- 
opment, particularly that of the womanly 
structure, it gives instructions for regimen 
and hygiene during the period of pregnancy, 
directions for the care of infants, hints for 
the alleviation of the pains of labor, obser- 
vations on the disorders of pregnancy, and 
the alleviations of them, and on ventilation, 
baths, and gymnastics, with more than thirty 
pages on dietetics, embracing upward of a 
hundred recipes that are the outgrowth of 
experience. . 


Tae Man versus tue Srate: Containing 
“The New Toryism;” “The Coming 
Slavery ;” “The Sins of Legislators ;” 
and “The Great Political Superstition.” 
With a Preface and a Postscript. By 
Herpert Srencer. New York: D. Ap- 
pleton & Co. Pp. 113. Price 30 cents. 
Unper this title the several articles by 

Mr. Herbert Spencer on social and political 

subjects, which have recently appeared in 

“The Popular Science Monthly,” are now 

reprinted separately. As our readers know, 

they are vigorous protests against certain 
pronounced political tendencies of the times, 
which, as Mr. Spencer and many others be- 
lieve, are full of danger to the cause of free 
government, and which at any rate deal with 
questions of greatimportance. The papers 
are issued in a cheap and attractive form, 
and the collection forms a very strong cam- 
paign document. 
It may be thought singular that these 
discussions should be so classed, and many 
will be surprised that they should be pub- 
lished at this time, as they are not in the 
interest of any party, and will hardly be 
considered as belonging to the proper lit- 
erature of a presidential canvass. But what 
can be more proper than to distribute 
through the community at the present time 
so able an examination of the principles 
which lie at the basis of free institutions ? 
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Every four years we in this country profess 
to remand to the people the whole subject 
of government policy, which is to be recon- 
sidered, revised, embodied in new platforms, 
and represented by newly chosen men for the 
future guidance of the nation. This would, 
therefore, seem to be an especially suitable 
occasion to look closely into the tendencies 
of legislation, and to restate the principles 
which will best promote the true objects for 
which government is established. Pure par- 
tisanship is, of course, unfavorable to any 
such serious work, its objects being wholly 
incompatible with the grave consideration 
of primary political principles. So true is 
this, that the time which of all others would 
seem most appropriate for taking up funda- 
mental questions of political policy is just 
the time when such questions are intention- 
ally and systematically excluded from pop- 
ular thought. So effectually are the most 
important suhjects evaded and ruled out of 
the platforms that, as between the two great 
rival parties to-day, there is nothing of mo- 
ment at issue. An election is to be won, 
and the canvass is to be made subservient 
to the personal ambition of the candidates, 
the getting possession of offices, and the 
distribution of patronage; and the intro- 
duction of fundamental issues of principle 
might disconcert the calculations of the poli- 
ticians. 

But unpropitious as the time might seem 
to issue a serious non-partisan document, 
appealing to intelligent and independent 
thinkers, there are strong reasons, neverthe- 
less, for doing it, because the prevailing pol- 
icy of the parties is far from having the 
unanimous approval of our most thoughtful 
citizens. There are many who protest ve- 
hemently against the vicious working of our 
partisan tactics. There are multitudes, and 
their numbers are increasing, who have be- 
come restive and are growing rebellious un- 
der these despotic party exactions, and that 
rule of intriguers which is fast making Amer- 
ican politics the scandal and by-word of the 
world. Decent men are more and more dis- 
gusted with the empty pretenses, hypocrisy, 
and hollowness of our political life. They 
may acquiesce at last and vote the ticket of 
their party associations, but they denounce 
the system, and are ashamed of their own 
agency in supporting it. Itis to such men, 
to whom the common literature of the can- 
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vass is mere chaff and rubbish, that such a 
document as this of Spencer’s will make its 
successful appeal. Of the character of these 
papers it is unnecessary here to speak, but 
they have a living and permanent interest as 
masterly contributions to that phase of po- 
litical inquiry which must absorb the atten- 
tion of the coming generation. The prob- 
lem of the function of government and the 
limits of its legitimate action must take pre- 
cedence of all other political questions, 


VAN NOSTRAND’S SOIENOE SERIES, NO. 76. 
Mopern Repropuctive Grapuic Processes. 
By James §S. Perri, First - Lieutenant, 
First United States Infantry. New York: 

D. Van Nostrand. Pp. 127. Price, 50 

cents. 

Tus little book was prepared for the 
use of the department of drawing of the 
United States Military Academy. It gives 
the outlines of about forty processes now in 
use for the reproduction of maps, drawings, 
and works of art, with details and formulas 
for such as are within the reach of amateurs. 
The processes are grouped as follows: Sen- 
sitive-paper processes, hektograph-printing, 
engraving, electrotypy, lithography, photog- 
raphy, and miscellaneous. Many of these 
processes which belong to the same group 
differ very little; their details are often 
trade secrets, and they are all, especially 
those in which chemicals are largely used, 
constantly undergoing improvements, and 
widening their range of application. 


Tae Hotianpers 1n Nova Zempra (1596- 
1597). An Arctic Poem translated from 
the Dutch of Hendrik Tollers. By Dan- 
re, Van Pett. New York: G. P. Put- 
nam’s Sons. Pp. 120. 

Tus poem, the work of the most es- 
teemed Dutch poet of the century, relates 
the story of the famous voyages of Barents 
and his companions three hundred years ago, 
and their over-wintering in Nova Zembla. 
The translation has been prepared and given 
to the public at the instigation of Samuel 
Richard Van Campen, who, greatly admir- 
ing the original and its author, and being 
also interested in Arctic research, sought 
long for a writer who could adequately pre- 
sent its beauties in an English dress. He 
found such g writer in Mr. Van Pelt, who 
‘had already begun the work of his own ac- 
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cord. To the translation Mr. Van Campen 
prefixes an historical introduction, cover} 
the Dutch voyages of Arctic exploration, 


Firra Avenve To Ataska. By Epwagp 
Prerrepont. New York: G. P. Put. 
nam’s Sons. Pp. 329, —4 Maps by 
L, F. Beckwith. Price, $1.7 
Tue author made the cman the ob. 

servations of which he has recorded in this 
volume, in company with his father, in the 
summer of 1883, by the Union Pacific Rail. 
road, with the usual digressions to Salt Lake 
City, the Yosemite, and the Big Trees, vig 
San Francisco, to Astoria, Portland, and the 
terminus of the Oregon and California Rail. 
road; thence back to Portland, and through 
Puget Sound to Victoria; and thence to and 
through “the fiords, straits, bays, and inlets 
of Alaska, above two thousand miles.” The 
return was by the Northern Pacific Railroad 
and the Yellowstone Park. What was seen 
is described in a simple, unaffected style, 
that seems designed to convey the exact 
impressions which the various adventures 
made upon the author. 
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The Warmest Month.—M. E. Renou re- 
marks, in the “Annuaire” of the French 
Meteorological Society, that throughout the 
northern temperate zone the maximum of 
temperature occurs, as a rule, in July. In 
the corresponding zone on the other eide of 
the equator the maximum comes in Janua- 
ry. Between these two zones, or at the equa- 
tor, the epoch of maximum falls at various 
dates, according to the storms that rule in 
the region. They are not so important there 
as in the other regions, for the difference 
between the coolest and the warmest month 
is little at the most. A curious law seems 
to prevail in the distribution of the maxi- 
mum. In North America the warmest 
month is almost universally July ; but in the 
southern regions of that continent it occurs 
in August. In the Antilles it may be looked 
for in September, and at Cayenne in Octo- 
ber. Passing through South America, be- 
fore reaching the latitude where it comes in 
January, we find countries where it occurs 
in November and then in December. The 
maximum is found in January through all 
the southern part of that continent and in 
Chili. In Peru it occurs in March ; there is, 
therefore, a region between Peru and Chili 
where it must be looked for in February. 
North of Lima it is found in April, and far- 
ther north in May. Finally, it comes in 
June as we approach Sonora, and in July in 
California, where we are brought back in 
the returning circle to our starting-point. 
Between Cayenne and Peru we shall evi- 
dently find places in which the maximum 
moves from October into November, etc., 
and at last into March. In the Gulf of 
Mexico we may also remark a rapid varia- 
tion in the time of the maximum tempera- 
ture as we go from east to west. A similar 
distribution, marked by the same peculiari- 
ties, is noticeable in the Old World, The 
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march of the temperatures of both conti- 
nents is marked by the analogous phenome- 
na of a shifting of the month of the maxi- 
mum from July to January in going from 
north to south on the eastern side, and 
from January to July in returning from 
south to north on the western side of the 
continent. The most rational explanation 
of the difference presented by the eastern 
and western coasts is to be sought in the 
differences in their positions in relation to 
the seas and to the distribution of storms. 


The Earthquake of August 10th.—The 
Northern Atlantic section of the United 
States was disturbed on Sunday afternoon, 
August 10th, by a very distinct earthquake- 
shock, which, taking place in the city of 
New York, at about seven minutes past two 
o’clock, lasted for some ten or fifteen sec- 
onds, The shock was felt all along the sea- 
board from North Carolina to Maine, through 
a district of country about six hundred miles 
long and two hundred miles wide, the most 
distant point from the ocean where it was 
remarked being at Titusville, Pennsylvania. 
Its greatest force appears to have been along 
the Long Island and New Jersey coasts. 
The statements of the time of the observa- 
tion of the shock vary some seventy-five 
seconds as between Boston and New York, 
so as to show that the general direction of 
its progress was from north to southwest. 
It was not accompanied or preceded by any 
observable peculiarities in atmospheric phe- 
nomena. No damage appears to have been 
done by it anywhere, beyond the occasional 
fall of a brick from a dilapidated chimney 
or the shaking down of some article that 
was not securely fastened, although the 
nervous excitement it occasioned appears to 
have been fatal to a few persons. At Bos- 
ton, the signal-officer, taking his ease in the 
highest building in the city, was shaken off 
from hislounge. AtSeabright, New Jersey, 
the railway-station was shifted to one side, 
with a “shaking up of the contents”; and 
other trifling incidents of no worse character 
were remarked in various places. 


A Destroyer in the Spruce-Forests of 
Maine.— According to accounts of observa- 
tions published in the third “ Bulletin” of 
the entomolo%ical division of the Department 
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of Agriculture, the ravages of the spruce. 
bud worm (Tortriz fumiferana) have been 
extensive and destructive in the coast for. 
ests of Maine west of the Penobscot River, 
The damage appears to have reached only 
a few miles inland from the coast, but the 
belt in which it has prevailed is marked by 
extensive masses of dead woods. The trees 
are attacked in the terminal buds, which are 
eaten away, and, when that is done, the case 
is hopeless. Tho fatal character of the at. 
tack is owing to the fact that the spruce 
puts forth but few buds, and those mostly 
at the end of the twigs, and, when these are 
destroyed, it has nothing on which to sus. 
tain the season’s life. The attack is made 
in June, when the growth is most lively, 
and just at the time when the check upon it 
can produce the most serious results, The 
larches are also attacked by a saw-fly, but 
with results that are not as necessarily fa. 
tal as in the case of the spruce. They are 
more liberally provided with buds, some of 
which may escape and afford a living pro. 
vision of foliage. The larch, moreover, 
sheds its leaves in the fall, and is in full 
foliage before its enemies attack it. Ilence, 
while the spruce and fir succumb to the first 
season’s assaults, the larch can endure two 
years of them. 


The Greely Aretiec Expedition.—The ves. 
sels sent out for the relief of Lieutenant 
Greely and his Arctic Expedition returned 
to St. John’s, Newfoundland, July 17th, 
with the report that they had, on the 22d 
of June, rescued from their quarters in 
Camp Clay, Cape Sabine, near the entrance 
to Smith Sound, seven of the members of 
the expedition, the other eighteen mem- 
bers having died during the present year, 
of starvation and exposure. One of the 
rescued men, Sergeant Elison, died a few 
days later, after the amputation of his 
frozen feet. All the records of the expedi- 
tion were saved, and are to be published. 
They show that its work was of the most 
creditable character, and was fruitful in sci- 
entific results. Lieutenant Greely’s party 
was sent out by our Government in 1881, 
as one of a series of International Arctic 
Expeditions, on the plan suggested by Lieu- 
tenant Weyprecht, of the Austrian service, 
for establishing permanent stations as far 
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north as possible, whence advance parties 
might be sent farther toward the pole. In 
the summer of 1882 it established a station 
at Fort Conger, north of Lady Franklin Bay, 
near the eighty-second degree of latitude, 
which it abandoned in August, 1883, to come 
down to Cape Sabine. Of the exploring par- 
ties sent out, one, under Lieutenant Lock- 
wood, reached in Lockwood Island the high- 
est latitude yet attained—83° 24-5’ and lon- 
gitude 40° 45’, and went a short distance 
beyond. From a height of two thousand 
feet, Lieutenant Lockwood discerned in 
the northeast Cape Robert Lincoln, latitude 
83° 35’, longitude 38°. Lieutenant Greely, 
exploring Grinnell Land, discovered Lake 
Hazen, some sixty miles by ten miles in ex- 
tent, and ascended Mount Arthur, five thou- 
sand feet high. In a subsequent explora- 
tion by Lieutenant Lockwood and Sergeant 
Brainerd, Grinnell Land was found to be 
bounded by a water, named Greely Fiord, 
across which was discerned another land, to 
which the name of Arthur Land was given. 
The northern and southern parts of Grin- 
nell Land appear to be covered with ice- 
caps, between which is a belt of open coun- 
try some sixty miles wide. Hayes Sound 
was found to extend some twenty miles far- 
ther to the west than is shown on Sir George 
Nares’s chart. The lowest temperature ob- 
served was 61° below zero, Animal life was 
abundant around Fort Conger, but scarce on 
Cape Sabine. The details of the sufferings 
and privations to which the party were ex- 
posed on Cape Sabine, in consequence of the 
failure of the supply expeditions to deposit 
stores of provisions where they were expect- 
ed to be found, are extremely painful. 


Relation of Spfings and the First Settle- 
ments of a Country.—At the recent Con- 
ference on Water-Supply, held by the Soci- 
ety of Arts in connection with the London 
Health Exhibition, Mr. W. G. Topley read 
a paper showing how the location of the 
early settlements in England was deter- 
mined by facility of access to water. The 
influence of this condition in attracting set- 
tlement to the shores of rivers, lakes, etc., 
is well known, but Mr. Topley showed also 
that the law operated with force in the 
case of the less imposing distribution of 
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could be found situated along lines of ter- 
ritory where well-digging is practicable. 
Springs occur near where a pervious bed 
overlies or underlies an impervious bed, or 
where a valley reaches down to the level at 
which the rock is saturated with water. A 
soil which allows water to sink into it is a 
dry soil, and is, therefore, suited for habita- 
tion and for agriculture. Hence the main 
conditions which favor the settlement of a 
district are found in the same soil, or along 
the outcrop of the same bed. We thus see 
that geological structure controls the distri- 
bution of population, not only in such great 
features of the earth’s surface as mountain- 
chains, plains, and valleys, but also in minor 
divisions of the district. The outcrop of a 
narrow band of porous rock beneath wide 
beds of clay is strongly marked by the oc- 
currence of a long line of villages, each of 
which obtains its water from shallow wells 
or springs. When rocks rise from beneath 
a covering of clay, there are often springs 
at the junction. While the early settle- 
ments in England were nearly always con- 
trolled by these circumstances, relating to 
the distribution of springs, the later devel- 
opment of special towns and districts has 
depended upon a variety of conditions, 
many of which have become very compli- 
cated, 


Construction of Stretchers and Ambu- 
lanees.—Dr. Robert Lawson has given some 
valuable hints on the construction of stretch- 
ers and ambulances for the removal of the 
sick and wounded. It is most desirable in 
them to avoid or mitigate as far as possible 
inequalities and roughness in motion. Field- 
stretchers are liable to swing with the sway- 
ing from side to side of the bodies of their 
bearers and to a regular series of jolts. 
With each step he takes, the porter bends 
his body to the side on which a foot is 
touching the ground to maintain his equi- 
librium, and his burden follows him. The 
swinging may be diminished by causing the 
bearers to walk out of step, so that the sway 
of one to the.right may be neutralized by 
the sway of another to the left. The jolts 
are consequent upon the shortening of the 
height of the bearer as his body bends over 
when the. foot is set forward to make the 
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ing the length of the pace; a difference in 
height of three and a half inches, with a 
pace of thirty inches, may be reduced to 
about an inch and a half if the pace is 
shortened to twentyinches. If the stretcher- 
poles are round and too slender, the jolt is 
aggravated by their bending, sometimes by 
as much as two inches. A stretcher with 
square-cut poles, three square inches in sec- 
tion, weighed twenty pounds, and was found 
remarkably free from vertical oscillation, 
and easier to carry than one with lighter 
poles. The sacking of the stretcher should 
be six feet long. Legs should be attached 
to the frame, so that the couch shall be 
lifted above the ground when at rest. Am- 
bulances should be made to receive the 
stretcher, and not compel a transfer. With 
a truck of five feet two inches, they may be 
contrived so as to admit two field-stretchers 
one foot eleven inches wide, and leave space 
for a partition an inch thick, to prevent the 
occupants from rolling. The motion of am- 
bulances, at least in injurious directions, 
should be reduced as much as possible. 
Springs inside of the wagon, in addition to 
the ordinary springs, for the stretchers to 
rest upon, have been tried, but they have 
been found to produce discords in motion 
through the inequality in the rhythm of their 
vibrations, causing pain and injury to the 
patient. The wounded man is “ most ad- 
vantageously situated when he is subjected 
to the motion of the body of the wagon 
alone, at a point as near the floor as can be 
managed, and the ease of this motion can 
only be adequately provided for by careful 
adaptation of the springs to the weight they 
have to carry.” 


- The Electric Light and Health.—* The 
Bearing of Electric Lighting on Health” 
was the subject of an essay by Mr. R. E. 
Crompton and a conference at the recent 
Health Exhibition. Mr. Crompton held that 
the conditions of health were not so good in 
any kind of artificial light as in daylight. 
Even the electric light, diffused, is deficient 
in intensity and inferior to daylight. All 
artificial lights except the electric contami- 
nate the air. At the twelve-candle stand- 
ard, coal-gas vitiates 348, paraffine-oil 484, 
composite candles about 650, and tallow- 
-candles 983 cubic feet of air per hour, but 
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the electric light none. The amount of 
heat produced in the same time by the same 
lights is represented respectively by the num. 
bers 279, 362, 383, 505, and 14. The criti. 
cism of the glare of the electric light is not 
just ; we are not supposed to look at it. The 
real test is the intensity of the diffised light, 
The steadiness of the incandescent electrig 
light gives it a great advantage over all 
others, and the arc-lights are also being 
made more steady. The eye-sight of the 
men in the British General Post-Office hag 
been greatly improved since the electric 
lights were introduced. Other advantages 
of the electric light are the greater pleasure 
it gives, its greater convenience, and its ab. 
solute safety. 


Hiow State Monopoly of Railreads 
works.—An interesting view of the opera. 
tion of the state monopoly of railroads in 
India was given a short time ago by Mr. J. 
M. Maclean before the British Society of 
Arts. Of 12,655 miles of railroad which 
were open in India on the 31st of March, 
1883, 5,037 miles had been built by the 
Government, and 7,618 miles by companics 
working with the assistance or under the 
guarantee of the Government. Thus, the 
whole railway system of the country is ina 
very large measure controlled by the state, 
In the case of the guaranteed lines, the 
Government has contracted to pay the 
shareholders an annual interest of five per 
cent, paying two and a half per cent every 
six months. This arrangement is so car. 
ried out in practice as to work very unevenly 
as between the Government and the share. 
holders. If the net earnings of any line 
fall below the stipulated rate in a particular 
half-year, the Governmefit has to make 
good the deficit, while, if the earnings are in 
excess, the surplus is divided between the 
Government and the shareholders, Now, 
in Western India, the profits of the rail- 
roads all come in one half of the year; and 
while in this half the roads may earn a sur- 
plus of profits amounting to hundreds of 
thousands of pounds, of which the Govern- 
ment gets a half, in the other half year the 
earnings may not be enough to pay the 
guaranteed interest, and then the Govern- 
ment has to bear the whole burden of the 
loss. During 1882~-’83, the Government act- 


















ually lost £231,380 on the guaranteed lines, 

while the shareholders pocketed a hand- 

gome profit in interest and surplus; and 

the state was saved from absolute loss only 

by the excessive profits it made out of a 

single one of its own lines. The system 

thus leads to the habit of regarding all the 

railways as one great property, and of seek- 
ing to make up for the losses that may be 

incurred on one set of lines by the more 
than legitimate profits which there may be 
opportunity to make on another set. The 
Government has thus become accustomed 
to the idea of maintaining its military and 
administrative lines at the expense of the 
commercial ones. The latter lines need en- 
largement to accommodate their increasing 
business, and would amply pay for it, but 
the state needs the money they furnish it, 
and which ought to be applied in that way, 
for the maintenance of its unproductive 
lines, and has adopted a penurious policy 
toward its productive ones, Whenever a 
complaint is made, or a proposition having 
in view a more liberal policy is agitated, a 
half-dozen boards and sets of officers in 
India and England “ straightway begin to 
play an elaborate and interminable game of 
battledoor and shuttlecock with the public 
interests. Any suggestion that is offered 
is minuted upon, referred, transferred, and 
generally knocked about, till the authors 
of it are ready to abandon it in despair.” 
When called upon to interfere, the Govern- 
ment “is always, perhaps unconsciously, 
influenced by the thought that, if it sanc- 
tions increase of expenditure or reduction 
of rates, it-may diminish its share of sur- 
plus profits. Hence the unwise parsimony 
which leaves main lines insufficiently sup- 
plied with rolling-stock to meet any sudden 
expansion of traffic.” Our civil war was 
over before the Peninsular Railway was sup- 
plied with engines and cars enough to take 
away the cotton which choked all of its sta- 
tions. The stations are glutted with wheat 
awaiting transportation to such an extent 
that the peasant dreads a good crop for 
fear that it will add to the quantity he must 
lose, because it takes on the average about 
five years to get the facilities that are needed 
on the instant. The Government hesitates 
when it should act, because it grudges an 
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comparatively insignificant and sure to bring 
ultimately a large return, means for the 
present a temporary reduction of profits on 
a lot of railroads, the most of which are 
losing ones. 


Influence of Occupation on Physical 
Development.—The data obtained by the 
Anthropometric Committee of the British 
Association reveal some curious facts re- 
specting the influence of occupation upon 
physical development. As a rule, the in- 
habitants of the country are taller and 
heavier than those of the large towns; but 
London is an exception, and seems to exert 
an attraction that draws in the more vigor- 
ous part of the country population. The 
metropolitan police, as a rule, are nearly as 
tall as the laborers of Galloway—the tallest 
of Britons—and twelve pounds heavier. 
The members of the Fire Brigade, who need 
not be so solid, but are expected to be act- 
ive, are two and a half inches shorter and 
twenty-five pounds lighter than the police- 
men. Athletes average five feet eight and 
one third inches in height, and only about 
one hundred and forty-three pounds in 
weight ; from which it is inferred that the 
majority of the population carry from ten 
to twenty pounds weight which they would 
not carry if they were in the highest phys- 
ical condition. The Fellows of the Royal 
Society—a class of prominent intellectual 
gifts—are among the tallest of the race, av- 
eraging five feet nine inches and three quar- 
ters. The criminal class are forty-five 
pounds lighter than the police and four 
inches and a half shorter; and they are 
eighteen pounds lighter and two inches 
shorter than the average of the population. 
Lunatics are about as short as the crimi- 
nals, but heavier. In men of the same oc- 
cupation belonging to different races, the 
influence of race appears to be predominant 
over that of occupation. 


Climbing the Himalayas.—Mr. Graham, 
an Englishman, with the help of two Swiss 
mountain-guides, has recently made an at- 
tempt to ascend some of the lofty peaks of 
the Himalayas. Starting from Nynee Tal, 
he found his first difficulty, and not an in- 
significant one, to be to get to the mount- 
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proachable only through valleys occupied 
by large streams. The first attack was 
made upon Dunnagiri, which is 23,184 feet 
high. In order to reach it they had to 
climb over two peaks 17,000 and 18,000 
feet high, and then, after a five days’ march, 
they camped on a glacier at the height of 
18,400 feet. On the sixth day they reached 
a height of 22,500 feet, when, a snow-storm 
coming on, they were compelled to retreat, 
after they had come in sight of their goal. 
Mr. Graham observes that the peaks of the 
Himalayas, as a rule, are considerably steep- 
er than those of the Alps; and he is con- 
vinced that breathing is no more difficult at 
the height he reached than at 10,000 feet 
lower down. The party also ascended the 
Kang La, 20,300 or 20,800 feet high, and 
a& new mountain, 23,326 feet high, which 
was called Mount Monal, from the number 
of birds of that name seen upon its slopes. 


Voleanie and Cosmic Dusts in Submarine 
Deposits.—Messrs, John Murray and A. Re- 
nard have taken advantage of the phenom- 
ena attending the eruption of Krakatoa last 
year for the extension of their studies in the 
accumulation of volcanic débris and cosmic 
dust in deep-sea deposits. Mr. Murray had 
already shown, before the Royal Society of 
Edinburgh, in 1876, that volcanic materials 
play the most important part in the forma- 
tion of these deposits, and how they may 
have been furnished by the decomposition 
of pumice and the settling of incoherent 
volcanic ejections. Rounded fragments of 
pumice are collected on the surface of the 
sea in regions far from coasts, anal at cer- 
tain points on the bottom of the ocean the 
greater part of the deposit is composed of 
vitreous splinters derived from the tritura- 
tion of such stones. The eruption of Kra- 
katoa in a few hours filled the Bay of Lam- 
pong with about 150,000,000 cubic metres 
of ejected matter. Floating fragments from 
this source were collected on the surface of 
the water with their angles rounded off, and 
showing, as the only asperities upon their 
surface, crystals and fragments of crystals 
projecting beyond the mass of vitreous mat- 
ter. The crystalline fragments and volcanic 
minerals can not be identified with certainty 
when reduced to their finest state, as in the 
deep-sea depbsits ; for in that condition they 
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lose all their characteristics of form and op- 

tical properties. The case is different with 

the vitreous particles derived from the pum. 

ice, or included in the volcanic ash, whose 

characters remain constant to the extreme 

limits of pulverization. The results of the 

study of the micro-structure of the vitreous 

particles from Krakatoa, which are described 

in full by the authors, can be applied with 

most perfect exactitude to the volcanic dusts, 

which have been determined as such, in the 

deep-sea deposits. The latter have, how. 

ever, only partly been derived from the pul. 

verized ejections of a volcano, but more from 

the trituration of floating pumice; but it is 
hardly possible to trace the differences be. 
tween the two. The minerals that can be 
determined in the ashes of Krakatoa are the 
same as are almost always found in the de. 
posits along with the splinters of glass, It 
is not to be expected that the volcanic dusts 
found in all the deep-sea deposits shall be 
uniformly identical. In the first place, they 
may originate from magmas of varying char- 
acters, according as they come from volca- 
noes in different parts of the world. The 
matter also goes through a sifting process as 
it is carried through the air and in settling 
in the water. The vitreous particles, being 
lighter, are carried farthest from the vol- 
canic center, and are longest in reaching the 
bottom. The fact has been illustrated in 
the case of Krakatoa that, in proportion as 
the ashes are collected at a greater distance 
from the volcano, they are less rich in min- 
erals, and the quantity of vitreous matter 
predominates ; a submarine tufa-deposit in 
the center of the South Pacific, in which the 
particles are graduated from the bottom up, 
illustrates the difference in the facility of 
settling. The evidence that has been ad- 
duced in favor of the hypothesis of a circu- 
lation in the atmosphere and a settling upon 
the earth of cosmic dusts is doubted by some, 
who have suggested various possibilities of 
an earthly origin for the particles described 
as cosmic. According to our authors, how- 
ever, many of the doubts are at once re- 
moved by a statement of the circumstances 
under which cosmic spherules are formed in 
deep-sea deposits, and when the association 
of the metallic spherules with the most char- 
acteristic bodies of undoubted meteorites is 
shown. Cosmic particles are found in most 
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abundance in deep-sea deposits at distances 
from land that preclude the supposition of 
their having originated in inhabited coun- 
tries, and their form and character are essen- 
tially different from those of bodies collected 
near manufacturing centers, with which the 
attempt has been made to associate them. 
After describing some of these spherules, 
with graphic illustrations of their structure 
and composition, the authors express the be- 
lief that they have presented enough evi- 
dence to show that in their essential charac- 
ters the spherules are related to the chondres 
of meteorites, and are formed in the same 


manner. 


Manganese in Plants.—M. E. Maumené 
has found manganese in wines and in a con- 
siderable number of vegetable and animal 
products in which it had hardly been sup- 
posed to be present ; and now announces, as 
the result of his latest investigations, that 
he has detected it in a great many plants. 
Wheat contains not less than from yz}7; to 
xdsx Of metallic manganese, and rye, bar- 
ley, rice, and buckwheat have also yielded 
considerable quantities of it. A little of it 
may be found in the potato, and more in 
the beet, the carrot, beans, peas, asparagus 
(principally in the green part), sorrel, wild 
chicory, lettuce, parsley, and in many fruits. 
It occurs in large proportions in cacao and 
the coffees, and in tea there are five grains 
of the metal to one kilogramme of the leaves, 
Tobacco is quite rich in it, as are also a va- 
riety of other plants, including some forage 
and some medicinal plants. The human 
system refuses to absorb it, and whatever 
of it may be introduced with the vegetable 
food in which it is present is eliminated with 
the fecal matter. 


Gutta-Percha.—The earliest known men- 
tion of gutta-percha is by John Tradescant, 
who, in the catalogue of his “ Rarities,” 
preserved at South Lambeth (1656), men- 
tions “ plyable mazer wood,” which, “ being 
warmed in water, will work to any form.” 
The earliest introduction of the gum to the 
commercial world is due to Dr. William 
Montgomerie, of the East India Company’s 
service, who experimented upon it at Singa- 
pore, in 1822, and recommended it to the 
Medical Board of Calcutta in 1842 as a sub- 
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stance useful in the making of surgical 
splints, The name gutta is a Malay word, 
signifying gum, or juice. The gum is de- 
rived from the middle layer of the bark of 
a number of trees of the order Sapotacee, 
to which order also’ belong the sapodilla- 
plum and the vegetable-butter trees. The 
principal source is the Dichopsis gutta, a 
plant which was described by Sir W. J. 
Hooker, in 1847, as Isonandra gutta. Dr. 
De Voiese, of the Dutch Government service, 
names eighteen species that yield the gum. 
The Dichopsis gutta is found in the Malay 
Peninsula, Sumatra, Borneo, and through- 
out the Malayan Archipelago generally. It 
grows toa height of from sixty to eighty 
feet, with a diameter of from two to five 
feet. The leaves are inversely egg-shaped 
(oblong in one variety) and entire, pale- 
green on the upper side, and covered be- 
neath with a reddish, shining down. The 
flowers are arranged in clusters of three or 
four in the axils of the leaves. The fruit 
is a small oval berry. The gutta, as it flows 
from the tree, is of a grayish color, at times 
somewhat roseate in hue. When cast or 
rolled it assumes a fibrous structure, and 
acquires a tenacity in a determinate direc- 
tion. Ata temperature of from 32° to 77° 
Fahr., it has as much tenacity as thick leath- 
er, but is not at all elastic, and is less flex- 
ible than leather. In water, toward 120° 
Fahr., it softens and becomes doughy, al- 
though still tough; at from 145° to 150° 
Fahr. it becomes soft and pliant, assuming 
the elasticity of caoutchouc, but becomes 
again hard and rigid on cooling. It is highly 
inflammable, burning with a bright flame, 
and has marked electric properties, 


Courtesy and Sagacity of the Duck.— 
A correspondent of the London “ Specta- 
tor” extols the courtesy and sagacity of the 
duck. In illustration of the former trait, 
he tells of a “solitary, little, old bantam 
hen” he had among some fifty or sixty head 
of ducks and fowls, which became blind, or 
nearly so, and had to “sulk” in the dark 
to escape the persecutions of her mates. 
“Here,” he says, “she might, perhaps, have 
starved, but for the constant and sympa- 
thetic attentions of a duck. Twice daily, 
every day so long as the poor bantam lived, 
some three weeks, this good Samaritan, in 
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the form of a duck, was observed to fill her 
capacious beak with from twenty to thirty 
grains of barley, with which she proceeded 
to the fowl-house, and there deposited her 
store immediately in front of the bantam.” 
Another anecdote is given in evidence of 
the sagacity of the duck. “I had five 
Aylesbury ducks, with a number of fowls. 
The lord of the yard, a most despotic chanti- 
cleer, would never suffer the ducks to feed 
with his family and friends when, at the reg- 
ular meal-times, the grain was scattered for 
their common use. Ferociously, and without 
pity, he drove them from the ground. This 
had been going on for many weeks ; and one 
day, at the twelve-o’clock repast, the act of 
expulsion was performed as usual. I was 
present, and saw the discomfited ducks re- 
tire to a corner of the yard. There they 
evidently held a conference. Having been 
so engaged some five minutes, they proceed- 
ed with deliberate and resolute air, in single 
file, as is their wont, toward their oppressor. 
Having reached the tyrant, they surrounded 
him, each duck turning his posterior toward 
the enemy, and with concerted action fairly 
hustled him clean out of the yard. To see 
the surprise of the cock, as he jumped from 
side to side to avoid the pressure of the at- 
tacking party, was ludicrous in the extreme. 
The victory was complete; from that hour 
the ducks were never again molested.” 


Attractions and Repulsions of Dust.— 
Mr. John Aitkin has recently performed 
some experiments illustrating the forma- 
tion of clear spaces in dusty air. His ap- 
paratus consisted of a dust-box blackened 
inside, having a glazed front, and provided 
with a window on one side. Condensed 
light was admitted through the window 
from a dark-lantern. Dusts were made by 
chemical processes or from calcined mag- 
nesia, lime, or charcoal, and were stirred 
up by means of a jet of air. A round tube 
was introduced into the box and the dust 
stirred up, when it was observed that the 
dust came in close contact with the top and 
sides of the tube, but that below it a space 
was clear. This disposition of the dust 
was found to be an effect of gravitation, 
under which the falling particles did not 
reach the space immediately under the 
tybe. When 4 thin plate was inserted ver- 
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tically in place of the tube, no clear space 
was formed. No increased effect was ob. 
served on lowering the temperature from 
the normal; but, if a little heat instead of 
cold was applied to the round tube, the 
dark space rose and encircled the tube, and 
the two currents of clear air united over 
the tube to form the dark plane in the up. 
ward current. Heat was furthermore found 
to exert a real repelling effect on the dust, 
On heating the vertical metallic plate, the 
dark plane was formed in the ascending 
current in front of the plate, beginning 
with the slightest increase, and growing 
thicker with the rise, of temperature. With 
very high temperatures, produced by heat- 
ing platinum wire in a battery, every kind 
of dust was found to have a different-sized 
dark plane ; and, as the particles could be 
seen streaming into the dark space under 
the wires, it was obvious that these large 
dark planes were not caused by repulsion, 
but by the evaporation or disintegration of 
the particles. The effect of electrification 
of the hot surface was found to be opposite 
to that of heat, and dust was attracted to 
the surface or repelled from it, according 
as electricity or heat was applied with more 
force. It was also found that after the 
dust-particles were electrified they tended 
to deposit themselves on any surface near 
them, and electricity proved to be capable 
of depositing the very fine dust of the at- 
mosphere. The air in a flask was purified 
much more quickly by means of the elec 
tric discharge than it could have been by 
means of an air-pump and cotton-wool fil- 
ter. It was shown that a hot and wet sur- 
face repels dust more than twice as strongly 
as a hot and dry one. From this it was con- 
cluded that the heat and moisture in our 
lungs exert a protecting influence on the 
surface of the bronchial tubes, and tend to 
keep the dust in the air from contact with 
their surfaces. It was also observed that 
dust was attracted to cold surfaces and at- 
tached itself to them. 


Chinese Plants in Ameriea.—Dr. D. J. 
MacGowan has published some notes on 
Chinese plants which it may be profitable 
to acclimatize in the United States. Among 
the plants he has recommended are sev- 
eral bamboos, the coir-palm, banian, plano- 





ot rater 





(, 




















convex turnip, mat-grass, glutinous and red 
rice, and bitter orange. The trees used for 
the preparation of varnish form another 
group. Ningpo varnish is a compound 
article, the product of two trees; one a 
kind of rhus, or sumach, which has a wide 
range of growth, and the nutoil tree, 
whence the nut-oil or “wood-oil” of com- 
merce is derived, of which there are two 
varieties, the hill and the green variety. 
The varnish is made by combining the juice 
of the rhus and the nut-oil extract. An 
important varnish is also made from a wild 
persimmon, and a similar one is obtained 
from what appears to be an alga. The 
yang-mei, or tree-strawberry, produces a 
famous fruit resembling the mulberry, 
which, it is said, is given a terebinthine 
flavor by a curious process of grafting on 
the fir. Lichi (Nephalin lichi, Nsungau) is 
a delicious tropical fruit, of which there 
are between thirty and forty kinds, and is 
found as high up as the latitude of 30° in 
Szechuen. Dr. MacGowan also suggests the 
expediency of experimenting with Chinese 
water-plants. Among them are the water- 
caltrap, which bears a valuable fruit; the 
tuberous water-chestnut (Zllocharis tube- 
rosus) ; the chico pai, with celery-like shoots ; 
the chin tsai, or water-celery, which is culti- 
vated in floating gardens built on bamboo 
rafts; the @ish-shu, or iron-tree, “the most 
beautiful of the Cycadacee,” which is re- 
vived, when it grows old, by driving iron 
nails into its trunk; and the #ao-lau, a 
hanging epidendron, which flowers only 
when taken from the ground and suspended 
from a ceiling. 





NOTES. | 


Accorpine to the estimates of Mr. J. C. 
Smock, of New Brunswick, New Jersey, made 
after a comparison of all the observations, 
the great glacier of our continent “ appears 
to have covered the whole of New England 
and Northern New York, and to have filled 
the Hudson Valley to a depth of at least 
three thousand feet, as far south as the Cats- 
kills, burying the Berkshire Hills, the Sha- 
wangunk Mountain range, and the Highlands 
of Southern New York in its icy folds. 
Above it stood the higher peaks of the Cats- 
kills and the summits of the Moosic High- 
lands as isolated landmarks, or islands, in 
the great mer de glace.” 
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Proressor ©, E. Bessey suggests that as 
the Government has efficiently encouraged 
the study of the insects injurious to vegeta- 
tion, and given us an increased acquaintance 
with the habits of these pests, and hints as 
to the way they are to be dealt with, it might 
do another service quite as valuable to agri- 
culture by promoting the investigation of 
the parasitic fungi which injure and often 
destroy farm and garden crops. The de- 
struction they effect is almost as great as 
that occasioned by insects. 


Tue International Forestry Exhibition 
was opened at Edinburgh on the Ist of 
July, by the Marquis of Lothian, who spoke 
of the importance of education in forestry 
to the British nation. The United King- 
dom, he said, had more property in the 
world than any other nation, but in this 
respect it was behind the others. 


Proresson GasrieL DE Morrituer is 
about to begin the publication of a new 
fortnightly journal of the anthropological 
sciences, to be called “L’Homme.” He will 
be assisted by a body of specialists as de- 
partment-editors, and will contend actively 
for the recognition of anthropology as a 
science, the peer of the other sciences. 


Caprain James B. Eaps, the American 
engineer, has received the Albert medal of 
the British Society of Arts. He is the first 
American on whom this distinction has been 
conferred. 


Ir is generally understood that the hair 
and nails grow faster in hot weather than 
in cold, but few probably are aware that 
any temperature of the weather can impart 
80 great a stimulus to the growth as Colonel 
Prjevalsky, the Russian traveler, says the 
Central Asian heat did during his journey 
in those regions. In June the ground and 
the air became excessively hot, so that it 
was impossible to travel in the day-time. 
The hair and beards of all the party grew 
with astonishing rapidity, and, strangest of 
all, some youthful Cossacks, whose faces 
were perfectly smooth, all at once developed 
quite respectable beards. % 


a 

M. Oxzensky has liquefied hydrogen ata 
temperature of —371° Fahr. In this condition 
the element appears to lose the metallic 
affinities which it manifests in the ordinary 
state, and assumes qualities of mobility and 
transparency more like those of the hydro- 
carbons. 


ExPERIMENTS made by Dr. William Mc- 
Murtrie, which are described in “ Bulletin 
No. 3” of the Entomological Division of the 
Department of Agriculture, go to show that 
the silk fiber from worms fed exclusively 
upon the Osage orange is somewhat finer, 
and, on the average, equal in strength to 
that obtained from mulberry-fed individuals, 
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Gasriet Gustav VALENTIN, till 1881 Pro- 
fessor of Physiology in the University of 
Berne, died May 24th. He was an excellent 
teacher and a profound physiologist, and 
was the author of several scientific works 
on physiological subjects, among them two 
in Latin. His “Text-Book of Physiology ” 
was translated into English by the late Dr, 
Brinton. 

Mapame ve Corpert has intrusted the 
French Academy with some valuable manu- 
scripts of her grandfather, Laplace, which 
she has recently discovered, on condition 
that they shall not be opened till 1930. 


Mr. H. W. Eaton, of Louisville, Ken- 
tucky, has described, in “Science,” a female 
negro child which was born in that city in 
March, having what appeared to be a rudi- 
mentary tail. The tail was visible as a 
“fleshy peduncular protuberance,” about 
two and a quarter inches long, and measur- 
ing an inch and a quarter around at the 
base, closely resembling a pig’s tail in 
shape, but showing no sign of bone or carti- 
lage, situated about an inch above the lower 
end of the spinal column. It had grown 
about a quarter of an inch in eight weeks, 


Proressor James Hatt has been elected 
a@ corresponding member of the French 
Academy of Sciences, mineralogical section, 
in place of the late Professor J. Lawrence 
Smith. 


Among the important enterprises under- 
taken by the United States Coast and Geo- 
detic Survey are the measurement of the arc 
of the thirty-ninth parallel, which is nearly 
50° long, and of the meridian of the ninety- 
ninth degree of longitude, which stretches 
nearly 23° through the United States, and 
may be extended north and south to a length 
of 50°. This will furnish two lines of the 
highest value in solving the great problem of 
the figure of the earth. 


GRaPE-SEEDS contain about eighteen per 
cent, by weight, of oil, which is largely ex- 
tracted at Modena and other places in Italy, 
and used for purposes of illumination. 





OBITUARY , NOTES. 


Ferpinanp von Hocustetrer, the Ger- 
man mineralogist and geologist, is dead, in 
the fifty-fifth year of his age. His earlier 
scientific work was done in New Zealand, 
when, having left the Novara expedition, 
he began geological investigations about 
1857. He was afterward Professor of Min- 
eralogy and Geology in the Polytechnic In- 
stitute of Vienna, and President of the 
Vienna Geographical Society. Besides 
works relating to the topography, geology, 
and palzontology, and the boiling springs 
of New Zealand, he was the author of 
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books on the geology of Eastern T 
and the Ural, and of various popular pub. 
lications, 


Tue July death-list contains the 

of three of the scientific men of Sweden 
the geometrician, August Pasch, who was 
fifty-one years old; the botanist, Dr. Lar 
Magnus Larsson, of the high-school at Carl. 
stad, sixty-two years old; and the chemi 
Professor Sten Stenberg, who died in the 
sixtieth year of his age. 


Tne death is announced of the Abbé 
Frangois Napoléon Marie Moigno, at Saint. 
Denis, France, at the age of eighty years, 
The abbé was of Breton birth, and wag 
educated for the Church. Displaying 9 
taste for science, the Jesuits made him a 
teacher of mathematics in one of their 
seminaries. In 1861 the superior of the 
order directed him to suspend the publica. 
tion of a work on the calculus which he 
was preparing, and assigned him a chair 
of Hebrew and History. We preferred sj. 
entific studies, and left the order rather 
than give them up. He became a scientific 
contributor to the journals, and founded the 
“Cosmos,” which evertually gave place to 
the journal “ Les Mondes.” He was author 
of books on electric telegraphy, the stereo- 
scope and the saccharimeter, modern optics, 
a course in popular science, analytical me. 
chanics, several volumes of “ Scientific Ac. 
tualities,” and “‘ The Splendors of Faith.” 


Dr. Erasmus Witson, a well-known 
English medical writer, died August 9th, 
in the seventy-sixth year of his age. His 
specialty was diseases of the skin, and he 
founded chairs of Dermatology at the Col- 
lege of Surgeons and at Aberdeen, as well as 
the Museum of Dermatology at the former 
institution. 

Prorrssor Kart Ricnarp Leprstvs, the 
oldest Egyptologist in Europe, died in Ber- 
lin in July last. He was born in 1810; 
having studied philology at the German 
universities, he gave his attention to the 
examination of the Semitic and other al- 
phabets, and of the hieroglyphic alphabet; 
published studies of various important 
Egyptian tablets and inscriptions, and of 
the “ Book of the Dead”; and went upon 
his scientific expedition to Egypt in the 
fall of 1842. He published his “ Einlei- 
tung,” or “Introduction to Egyptian Chro- 
nology,” in 1849; his great “ Denkmaler,” 
or portfolios of all the Egyptian monu- 
ments, between 1849 and 1860; his “K6- 
nigsbuch,” or lists of kings, in 1858; and 
his “Standard Alphabets,” in 1860. He 
began the publication of a periodical de 
voted to Egyptology and archeological re- 
search in 1864; and he was the discoverer 








and the translator of the celebrated trilin- 
gual “ Decree of Canopus.” 
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